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PREFACE. 


Tins  work  is  intcu<ied  to  provide  fur  the  use  of  studeuta  an  intro- 
duction to  geueral  pathologj'i  "tocluditig  general  pftlhological  anatomy. 
To  dnxw  the  line  strictly  between  thtso  ynbjccts  and  special  pathol<»gy 
or  morbid  nnntomy  is  difficult  it'  not  itiifMWsible,  and  it  is  (liereJore  very 
likely  tliat  subjects  have  been  omitted  whiob  in  the  opinion  of  some 
readers  ought  to  have  been  included,  and  others  have  been  included 
which  mav  lie  tlir)ugbt  to  be  not  strictly  comprised  within  the  scope  of 
the  work.  But  on  the  whole  it  is  thought  that  the  various  topics  here 
treated  of  possesa  sufficient  coherence  to  make  it,  at  all  events,  conve- 
nient to  study  thera  together.  In  the  field  which  it  aims  at  covering, 
this  book  does  not  pri'cisely  coincide  uith  any  other  now  used  in  this 
country,  and  may  thus,  1  hope,  escape  the  charge  of  actual  rivalry  with 
the  excellent  text-booka  of  pathological  anatomy  which  we  already 
possess.  The  latest  text-book  on  the  subject  in  English  is  the  American 
translation  of  Uhle  and  Wagner's  (ienenil  Pidhotogii,  published  in 
187<>,  and  with  that  work  in  resjKjct  of  size  and  comprehensiveness  the 
present  manual  challenges  no  comparison. 

It  would  have  been  satisfactory  to  be  able  to  say  that  the  arrange- 
ment of  subjects  in  this  book  is  in  accordance  with  the  teaching  of 
pathology  in  the  London  schools  of  medicine  or  in  British  universities. 
But  on  iufjuiry  I  have  found  that  the  methods  of  different  teachers  of 
pathology  vary  so  widely  that  no  arrungetuent  could  be  framed  which 
would  have  any  genera!  application.  Most  of  the  topics  here  treated, 
but  not  all,  have  at  one  time  or  another  formed  part  of  my  ovrn  course; 
of  which  the  scope  and  arrangement  are  not  every  year  the  same. 

The  only  features  in  the  book  which  seem  to  call  for  any  special  notice 
are  the  following :  first,  pathological  histology,  though  not  neglected, 
occupies  a  less  prominent  place  than  since  the  apjiearance  of  Virchow'g 
Ct'Unlui-  I'iitliij!ut/>f  it  has  been  the  custom  to  give  it  in  jmthological 
works.  That  an  undue  or  at  lea.st  a  too  exclusive  importance  has  been 
attached  to  the  forms  of  cells  and  to  alterations  of  mere  structure  can 
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hardly  be  denied,  and  it  is  admitted  by  the  reaction  which  has  set  in, 
chiefly,  perhaps,  since  the  publication  of  Cohnheim's  classical  Lectures 
on  General  Pathology  in  1877,  in  favor  of  a  wider  conception  of  the 
subject. 

Secondly,  an  attempt  has  been  made  to  do  justice,  partially  at  least, 
to  another  marked  feature  of  modem  pathology,  the  increased  impor- 
tance attached  to  etiology. 

Although  the  processes  of  disease  may  be  and  are  to  a  large  extent 
studied  apart  from  their  causes,  the  investigation  of  the  latter  has  great 
and  independent  value,  which,  in  one  department  at  least,  I  have  en- 
deavored to  recognize.  It  will  occasion  no  surprise  that  in  the  present 
state  of  science  an  important  place  has  been  assigned  in  the  causation 
of  disease  to  the  influence  of  living  and  especially  of  vegetable  or- 
ganisms. 

Thirdly,  I  must  admit  that  greater  prominence  has  been  given  to  the 
medical  than  to  the  surgical  aspects  of  pathology,  although  in  truth  the 
greater  part  of  general  pathology  is  not  specially  medical  or  surgical. 
This  has  been  done,  not  only  because  it  is  with  the  medical  side  that  I 
am  most  familiar,  but  because  the  surgical  side  has  received  in  this 
country  perhaps  a  disproportionate  share  of  attention.  The  subjeetis 
commonly  grouped  together  under  the  title  of  "  Surgical  Pathology  " 
have  been,  therefore,  in  many  cases  somewhat  lightly  passed  over. 

Another  omission  which  will  be  noticed  is  that  there  is  no  account  of 
monsters  and  malformations.  Although  this  subject  might  be  rightly 
considered  a  part  of  general  pathology,  and  is  interesting  in  itself,  I 
have  found  it  extremely  difficult  to  compress  it  into  a  small  eompas.*, 
and  as  it  has  also  not  much  practical  bearing,  it  seemed  better  in  an 
elementary  manual  to  omit  it  altogether. 

Want  of  space  and  considerations  of  relative  importance  have  led  to 
the  omission  of  other  subjects  not  wanting  in  interest ;  but,  generally 
speaking,  a  book  of  this  size  may  claim  to  be  judged  rather  by  what  it 
includes  than  by  what  it  leaves  out. 

In  a  manual  intended  for  students  it  has  not  been  thought  ueces.snry 
or  desirable  to  quote  authorities  as  a  general  rule,  more  especially  as  the 
greater  part  of  the  facts  stated  are  common  to  most  Eijroi>can  text- 
books. 

It  is  difficult  in  a  subject  which  one  has  been  for  many  years  engaged 
ill  teaching,  to  say  how  much  has  been  learnt  from  one's  own  experi- 
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ence,  and  how  much  tniiii  the  writings  of  others;  i)ut  I  think  I  may 
fairly  say  that  in  structural  and  clinical  pathology  niystuf  the  state- 
mtnts  made,  except  as  otherwise  acknowledged,  are  either  based  upi>a 
or  confirmed  by  f>er8onal  observation.  It  ia  otherwise  as  regards  experi- 
mental pathology  (with  wbieh  I  have  no  practical  familiarity),  and  the 
tiew  and  highly  specialized  science  of  bacteriology.  In  these  mattere  I 
have  drawn  as  far  as  possible  upon  origitial  memoirs,  and  carefully  col- 
lateil  the  best  authorities. 

Among  the  books  to  which  I  owe  special  acknowledgments  are  Cohn- 
heim's  Vorleaiingeii  iiher  ullijemeine  Pathologic  and  Keckliughauseu's 
Allyemeive  Patliofogie  dea  Kreislnnfs  and  der  Ernriftruntf,  forming  a 
part  of  Deuhche  Chirurgie.  For  the  subject  of  animal  parai*ites, 
large  use  has  been  made  of  Leuckart's  classical  work,  recently  translated 
into  English  ;  and  for  vegetable  microorganisms  numerous  recent  books 
and  memoirs,  the  chief  of  which  are  mentioned  in  the  appendix. 

•t)f  the  Illustrations,  many  are  original  and  based  upon  preparations 
either  in  my  ""wn  lullection  or  in  the  museum  of  St.  Thomas's  Hospital 
(chiefly  prepared  by  Dr.  Aciand),  or  else  lent  rae  by  friends.  Mainly 
to  save  expense  and  prevent  the  price  of  the  book  rising  too  high  for  its 
purpose,  a  good  many  blocks  have  Jteeu  borrowed  from  other  sources, 
which  are  duly  acknowledged  either  in  the  text  or  in  the  list  of  illus- 
trations. 

There  remains  the  pleasant  task  of  acknowledging  the  help  I  have 
received  from  my  colleagues  and  iVieuds. 

Dr.  Gulliver,  Mr.  Anderson  ami  Dr.  W.  G.  iEackenzie  have  kindly 
looked  over  portions  of  the  proof-sheets:  Dr.  Aciand  has  not  only  fur- 
nished me  with  specimens,  but  supcriii tended  the  execution  of  some  of 
the  figures;  Dr.  Jacob,  of  Leeds,  and  Dr.  Sharkey  have  lent  some  val- 
uable specimens  ;  while  Dr.  Bristowe  and  Dr.  Crookshank  have  been 
good  enough  to  allow  me  to  use  some  of  the  figures  which  illustrate 
their  own  works.  To  the  Council  of  the  Pathological  Society  and  to 
Dr.  Sidney  Coupland  I  atn  indebted  for  permission  to  copy  some  figures 
from  the  Tran.sactiona  of  tlie  Society. 

Mr.  Lapidge  has  been  the  draughtsman  of  most  of  the  new  figures, 
which  have  been  cut  on  wood  by  Mr.  <Jollings.  Some  other  cuts  have 
been  executed  by  Mr.  Daniellsen. 
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GENERAL     PAT  III)  LOG  Y 


PART  I. 

THE  PROCESSES  OF  DISEASE. 


CHAPTER   I. 

INTRODUCTOHY. 

pATUOLOciY  is  tlit>  science  of  disease — that  is  to  say,  the  science 
which  studies  the  human  body  in  those  conditions  which  it  hiis  been 
agreed  to  call  diseased  or  morbid. 

In  ovdei"  to  define  pathology  it  is  then  necessary  to  define  disease; 
and  in  order  to  define  disease,  we  must  define  liealth. 

No  one  would  willingly  engage  in  the  thanliless  task  of  definition, 
so  cspecialiy  expuned  to  criticism,  and  wJhtc  success  is  impossible; 
but  for  the  present  purpose  the  difficulty  c-suinnt  be  altogether  avoided. 

By  health,  then,  we  understand  the  luiiintcnance  of  a  living  body  in 
such  a  condition  that  neither  the  performance  of  ttis  ordinary  (unctions, 
nor  any  slight  disturbance  of  them  interferes  with  the  regular  course 
of  its  activity,  or  leaves  it  worse  than  before. 

Such  a  condition  may  be  compared  to  one  of  stable  equilibrium, 
that  is,  the  condition  of  a  body  cither  at  rest  or  in  motion,  such  that  a 
small  disturbance  does  not  completely  alter  the  position  of  the  body, 
but  brings  it  back  to  its  original  position.  Health  is  not  like  the 
e(iuilil>riiiiri  of  a  body  at  rest,  for  it  imjdies  life,  which  is  a  condition 
of  inccssiuit  ciiange.  We  must  ratlicr  compare  it  to  a  moving  equi- 
librium, to  that  of  a  body  in  uniform  motion ;  such  as  a  planet  in  its 
orbit,  or,  to  take  an  liumbler  comparison,  that  of  a  spinning-top. 

If  we  are  not  startled  at  the  homeliness  of  this  illustration,  we  may 
suppose  a  top  thus  spinning  smoothly  jind  vigorously  to  be  analogous 
to  a  body  in  health.  The  forces  which  maintain  it  are  the  original 
movement  of  rotation  impre,s.sed  upon  it.  and  its  own  weight,  wliicii 
gives  it  momentum  and  keeps  it  in  due  relation  to  the  surface  on 
which  It  rests.  Now  let  the  top  receive  a  slight  disturbance.  The 
more  vigorously  it  is  spinning  the  less  is  the  «ffect  produced.  But 
any  disturbance  which  may  result  consists  of  a  series  of  oscillations  or 
movements   in   contrary  directions,  some   of  which  directly   tend   to 
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destroy  the  state  of  equilibrium,  others  to  restore  it.  Each  of  these 
movements  is  a  resultant  of  three  forces — the  original  impulse  of 
rotation ;  the  action  of  gravity  on  the  top ;  and  the  force  producing 
the  disturbance. 

After  a  time  the  effect  produced  by  the  disturbance  may  come  to  an 
end,  and  the  top  either  returns  to  its  previous  state  of  moving  equi- 
librium, or  else  is  entirely  overthrown.  But  an  irregularity  of  move- 
ment may,  on  the  other  hand,  be  set  up,  which  may  last  even  as  long 
as  the  top  continues  to  spin.  Again,  if  we  watch  the  motion  of  the 
top,  we  see  that  without  any  outward  disturbing  cause  irregularities  in 
its  motion  become  perceptible,  and  tend  gradually  to  increase.  These 
irregularities  depend  upon  one  of  these  causes : 

Either  upon  some  inequality  in  its  original  construction,  or  in  the 
surface  on  which  it  rests,  or  upon  the  effects  of  friction  in  producing 
such  inequalities  by  wearing  away  the  substance  of  the  top  or  the 
surface,  or  else  merely  upon  the  exhaustion,  by  friction,  of  the 
original  impulse  which  started  its  motion. 

The  irregularities  produced  by  either  of  these  causes  will  either 
bring  the  motion  of  the  top  to  an  end,  or  else  produce  such  a  condition 
of  unstable  equilibrium  that  a  very  slight  disturbance,  which  before 
would  have  produced  little  effect,  is  sufficient  to  overthrow  it. 

Now,  with  the  aid  of  this  homely  illustration,  let  us  try  to  form  a 
conception  of  the  production  of  disease — that  is,  of  deviations  from 
health  in  the  human  body. 

Let  a  small  disturbance — that  is,  an  injury,  mechanical,  chemical, 
physical,  or  firom  some  specific  cause,  sucji  as  a  living  virus — act  upon 
the  human  body.  As  special  instances,  we  may  call  to  mind  the 
effects  of  such  well-known  agencies  as  a  bullet-wound,  a  dose  of  cor- 
rosive poison,  extreme  cold,  extreme  heat,  the  contagion  of  some 
specific  fever. 

If  the  injury  be  slight,  and  the  body  be  in  a  state  of  vigorous 
health,  the  disturbance  is  rapidly  equilibrated,  and  the  body  returns  to 
its  normal  condition.  If  the  disturbance  be  greater,  a  series  of 
changes  is  set  up,  which  we  call  a  disease.  Some  of  these  changes — 
the  so-called  symptoms  of  the  disease — are  destructive ;  others  are 
restorative,  or  conservative.  To  the  first  class  belong  hemorrhage, 
fever,  weakness  of  the  heart,  asphyxia,  suppression  of  secretions,  and 
the  like.  To  the  second  class,  vomiting,  or  diarrhoea,  induced  by 
poisons ;  elimination  of  morbid  matters  by  the  secreting  organs,  sup- 
I)uration  around  the  foreign  body  in  a  wound,  etc.,  all  of  which  tend 
to  remove  the  cause  of  the  disease  and  promote  recovery. 

It  is  a  great  mistake  to  suppose  either  that  all  the  symptoms  of 
disease  are  necessarily  injurious,  or  that  all  are  (in  Sydenham's  words) 
beneficent  "  efforts  of  nature  to  get  rid  of  the  morbific  matter." 

Some  are  of  one  kind,  and  some  of  the  other.     Of  which  kind  each 

is  can  only  be  determined  by  observation  and  experiment,  and  only 

J  the  same  means   can   we    learn   which   we  should  attempt   to 

mgthen,  and  which  to  suppress, 
ccording  as  the  disturbance  produced  by  the  injury  is  of  short  or 
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lontj  duration,  we  cnll  the  ilisease  acute  or  uhrontc.  It  may  end  either 
in  dentil  or  recovery.  In  the  latter  case  either  the  body  rniiy  return 
to  its  former  state  of  health,  or  may  have  received  some  permanent 
damage  which  is  likely  to  be  the  cause  of  disease  in  ftitiire. 

In  some  cases  the  cause  never  ceases  to  act,  and  the  resulting  dis- 
turhance  is  never  eompcnsiated.  If,  for  inr^taiice,  a  person  has  received 
thf  poison  of  tubercle  or  of  leprosy,  it  will  continue  to  act  injuriously 
till  death  results. 

Let  us  now  consider  of  what  nature  the  actual  disturbances  pro- 
duced by  an  injury  are.  They  are  (as  in  the  spinning-top)  the 
resultant  of  three  kinds  of  forces  :  the  injury,  the  initial  inipfilse  of 
life  which  dctfmiities  jrrowtl],  and  the  molecular  forcci?  produced  by 
the  materials  of  the  hody  itself,  when  acted  upon  by  all  the  sur- 
rounding circumstances,  such  as  air,  food,  temperature,  which  set  up 
in  them  chemical  and  physical  changes.  These  are  comparable  to  the 
action  of  gravity  on  a  revolving  body.  If  this  be  the  case,  it  follows 
that  the  processes  of  disease  are  the  same  as  the  processes  of  life,  phis 
an  injury.  We  may  g'>  further  and  say  that  they  are  merely  the  pro- 
cesses of  life  differently  comfiined,  and  arranged  in  a  different  order. 

So  that  disease  itself  is  not  really  anything  foreign  to  the  organism; 
though  caugi'8  of  disease  may  fie,  and  are  so. 

We  must  not,  then,  think  of  disease  as  an  entity,  that  is,  of  inde- 
pendent existence.  The  cause  may  indeed  be  thus  regarded  ;  and 
doubtless  this  is  what  is  present  in  our  minds  if  we  say  (as  some  do) 
that  Jin  enlarged  liver  is  a  disea.se,  or  a  heart  with  imperfect  valves,  or 
a  dose  of  sewer-gas  i)i>ison,  or  even  the  acarus  scabiei.  It  would  be 
less  incorrect  (though^  of  course,  only  a  metaphorical  expression)  to  say 
that  the  disease  is  tlie  body  itself  acting  wrongly,  under  the  influence 
of  one  of  the  above-uK'utioned  causes.  Strictly  speaking,  diseases  are 
natural  processes  so  combined  as  to  produce  a  course  of  action  in  the 
bodv  which  is  not  natural. 

We  have  [mrposely  considered  first  the  simplest  case  of  causation  of 
disease,  namely  that  in  which  changes  are  set  up  by  some  external 
injury  or  disturbance :  but  it  is,  of  course,  evident  that  there  are  dis- 
eases in  which  no  such  cause  can  be  immediately  traced,  or  which 
appear  to  be  spontaneous. 

We  see  (a.s  in  our  illustration  of  a  revolving  body)  that,  indepen- 
dently of  any  obvious  injurious  cause,  the  body  begins  to  act  wrongly. 

The  heart's  action  may  he  weak,  nutrition  may  fiitl,  some  part  of 
the  body  may  show  signs  of  overgrowth  or  decay.  Just  as  in  our 
former  illustration,  these  irregularities  may  be  due  t-o  some  original 
defect  in  the  construction  of  the  body.  Such  defects  may  be  so  great 
as  to  make  the  individual  not  viable;  or  enough  to  produce  obvious 
abnormality  of  functi(m,  as  in  malformation  of  the  heart ;  or  else  may 
be  so  slight  an  not  to  be  at  first  perceiveii,  and  yet  sufficient  to  render 
the  body,  after  a  longer  or  shorter  time,  unable  to  perform  its  ordinary 
offices.  The  disturbance  first  produced  may  not  be  serious  ;  but 
irregularity  of  function  thus  set  up  may  lead  to  other  disturbances, 
and  the  state  of  things  becomes  progressively  worse. 
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In  many  cases  the  disturbance  will  at  first  appear  as  if  it  were 
merely  a  disturbance  of  function,  but  really  it  arises  because  the  organs 
are  inadequate  for  their  work. 

Let  a  child,  for  instance,  be  bom  with  a  pulmonary  artery  slightly 
too  narrow.  No  great  inconvenience  is  felt  in  early  life,  but  as  he 
grows  up  he  shows  signs  of  imperfect  access  of  blood  to  the  lungs,  the 
circulation  is  obstructed,  and  at  length  serious  disease  is  produced. 

It  is  also  probable  that  some  people  have  their  tissues  less  perfectly 
formed  than  others,  so  that  they  are  either  more  liable  to  be  injured 
by  ordinary  causes  (of  which  Haemophilia,  or  the  hemorrhagic  dia- 
thesis, is  an  instance),  or  else  peculiarly  liable  to  be  injured  by  certain 
special  causes. 

It  is  evident  that  every  degree  of  imperfect  function  may  be  met 
with,  and  that  the  eifects  will  be  seen  earlier  or  later  in  life  as  the 
defect  is  more  or  less  serious.  Congenital  defects  of  structure,  then, 
give  rise  to  a  second  class  of  diseases. 

In  a  third  class  of  cases  the  organs  and  tissues  may  be  competent 
for  ordinary  functions,  but  not  for  any  extraordinary  work,  so  that 
they  soon  show  the  effects  of  wear  and  tear.  The  disturbances  thus 
set  up  may  at  first  simulate  mere  errors  of  function ;  or  they  may  be 
unperceived  until  some  sudden  failure  reveals  the  change  which  has 
been  long  going  on.  The  circulatory  apparatus  in  people  after  middle 
life,  or  sometimes  earlier,  always  gives,  when  examined  post  mortem^ 
evidence  of  wear  or  strain,  which  may  be  seen  both  in  the  heart  and 
the  arteries. 

The  change  called  atheroma,  or  degeneration  of  arteries,  is  as  plainly 
due  to  excessive  internal  pressure  as  corns  and  callosities  on  the  feet 
are  due  to  external  pressure.  These  conditions  have  an  inevitable 
tendency  to  become  worse.  The  artery,  tliickened  by  pressure,  ob- 
structs the  circulation,  and,  in  consequence  of  this  obstruction,  the 
pressure  is  still  further  heightened  and  the  condition  of  the  artery  still 
further  deteriorated.  The  effect  of  wear  and  tear  upon  the  nervous 
system  is  not  less  serious,  though  less  apparent,  if  this  be  stimulated 
too  often,  with  insufficient  intervals  of  rest. 

It  is  evident  that  imperfection  of  structure  will  render  the  organ 
more  liable  to  these  changes,  but  that  even  in  soundly  made  organs 
continuous  overstrain  will  sooner  or  later  produce  its  effect.  The 
third  class  of  diseases  then  includes  those  produced  by  wear  and 
strain. 

Even  with  this  we  have  not  quite  exhausted  the  causes  of  disturbed 
action.  As  in  our  revolving  top  the  initial  impulse  becomes  at  length 
exhausted,  so  in  the  human  body  there  are  changes  independent  of 
demonstrable  causes  of  disease  which  we  can  only  call  senile  or  due  to 
old  age.  Whether  old  age  is  itself  a  cause  of  death  may  be  disputed. 
Old  people  generally  die  of  some  disease ;  but  what  is  perfectly  clear 
is,  that  they  have  a  diminished  power  of  resistance,  and  succumb  to 
slighter  injuries  than  those  who.«»e  tissues  have  not  undor<:;one  senile 
changes.  Senile  degeneration,  then,  may  be  said  to  be  a  fourth  cause 
of  disease. 
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But  this  cause  really  fall.'<  under 


orr»nni 
disear*e,  viz.,  heredity  or  inheritance. 
tho.se  alrcaijy  enumerated. 

The  eflfeet  of  inherttunce,  that  is,  of  some  tinnsmitted  property  in 
producing  disea-se,  conie.*  under  two  heads,  Iii  the  first  place  disease 
may  he  directly  transmitted  by  either  parent  to  the  ovum,  so  that  the 
infant  has  the  disi^ase  when  it  is  born,  as  in  congenital  syphilis. 
There  is  no  essential  difference  between  this  and  the  tran.sraissioii  of 
the  disease — for  instance,  from  a  nwrse  to  a  child — after  birth. 

Secondly,  there  may  be  transmitted  what  is  lou.<cly  called  a  tendency 
to  disease.  By  this  is  meant  that  the  individual  will  be  more  likely 
than  others  to  suffer  from  a  certain  disease  in  after-life.  It  is  clear 
that  what  is  in  thi.s  case  transmitted  is  a  certain  property  of  the  tissues 
of  the  body  which  makes  them  peculiarly  unable  to  re.<ist  the  attack 
of  a  certain  kind  of  injury  ;  for  instance,  of  cold,  improper  food,  or 
some  particular  kind  of  specific  poison.  This  is  the  eji.se  with  heredi- 
tary tendency  to  bronchitis,  to  eczema,  or  to  tubercular  disease. 

It  is  well  to  remember  that  a  similar  inherited  peculiarity  in  the 
structure  or  properties  of  the  tissues  may  confer  immunity  against 
specific  poisons. 

Again,  tliere  may  be  merely  such  an  imperfection  of  structure  that 
the  organs  hardly  suffice  for  the  performance  of  ordinary  functions, 
which  are  accordingly  idways  or  often  perf<inned  not  ((uite  adequately. 
We  often  see  persons  who  inherit  a  digestive,  a  respiratory,  circulatory, 
or  nervous  systeui,  which,  though  not  actually  defective,  has  a  working 
power  below  the  average.  Hence  arise,  in  the  course  of  daily  life, 
slight  fuuctiona]  disturbances,  not  serious  in  themselves,  but  by  the 
accumulation  of  which  is  at  length  produced  a  disturbance  grave 
enough  to  be  called  a  disea.^e.  This  is  probably  the  most  frequent 
mode  of  the  so*calied  inlieritance  of  disease. 

Summary. — We  may  now  arrive  at  a  definition  of  disease  as  merely 
an  alteration  in  the  norma!  functions  of  the  body  due  to  some  disturb- 
ance.    The  causes  of  such  a  dist»rbnnce  may  be  chu-isified  as  follows: 

L  ETtvnial  cduse,  or  injury  in  the  wider  sense,  including  (1) 
Mechanical  injuries  or  wounds;  (-)  Physical,  from  coid,  heat,  elec- 
tricity ;  (3)  Chemical,  from  corrosive,  irritant,  or  generally  poisonous 
substances  :  (4)  Specific,  including  animal  poisons,  the  nature  of  some 
of  which,  as,  for  instance,  the  poison  of  snakes,  is  not  yet  clearly 
known.  This  class  includes  also  tho.'^e  known  to  consist  of,  or  to  be 
generated  by.  h'vinf/  pcrasitic  orffanit^mii:  animal,  or  vegetable,  of 
which  the  most  impt^rtant  are  the  bacteria  of  specific  diseases. 

Excessive,  improper  or  inadequate  supfdy  of  food  comes  also  under 
the  head  of  injury. 

The  others  are  internal,  viz, : 

II.  {'i/mjemta!  ituperfeetion  of  strxictun\  whether  of  organs  or 
tissues. 

III.  Effects  of  wear  or  strain  if  tlisproportionate  to  the  resisting 
power  of  the  organs. 
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IV.  Senile  decay. 

With  regard  to  the  above  classification,  it  may  be  remarked  lliat 
under  Class  I.  are  included  two  divisions  of  unequal  value :  that  is  to 
say,  specific  diseases,  ivhich  form  in  some  respects  a  class  by  them- 
selves, and  the  eficcts  of  simpler  injuries.  But  :is  the  lesions  actually 
produced  in  all  these  cases  are  essentially  the  same,  they  are  placed 
together. 

In  CljTsses  II.  and  III.  tlie  effects  are  cumulative;  and  the  influ- 
ence of  IV.  is  especially  importiint,  as  predisposing  the  body  to  be 
aflected  by  injuries. 

Finally,  it  should  be  observed  that  causes  belonging  to  all  tliese 
cla.sses  may,  and  do,  act  concurrently. 

It  would  bo  very  satisfactory  if  we  could  classify  all  diseases,  and 
the  whole  subject  of  pathology,  under  the  head  of  Causes.  But  so 
simple  an  arrangement  of  the  subject  is  not  possible  We  cannot  say 
with  certainty  what  are  the  causes  of  some  diseases ;  nor,  in  regard  to 
others,  which  is  the  most  inihiential  or  determinant  of  several  causes 
which  cooperate  in  producing  tliem.  And  our  notions  of  what  ia 
called  the  etiology  (or  study  of  the  causes)  of  disease  have  lately  been 
modifieil  in  quite  unsusj)ected  ways.  For  instance,  with  regard  to 
rheumatism,  while  it  is  evident  that  cold  has  something  to  do  with 
its  production;  there  are,  on  the  other  hand,  reasons  for  thinking  it 
probable  that  a  specific  poison — i.  e.,  a  microJVrganism,  may  be  the 
true  cause. 

In  other  cases,  such  as  tuberculosis,  the  specific  poison  is  quite  de- 
monstrable ;  but  some  persona  appear  to  be  extremely  liable,  others 
much  less  or  hardly  at  all  liable,  to  suffer  from  it,  in  virtue  of  their 
original  constitution. 

On  these  grounds  etiology  alone  cannot  be  made  the  basis  of 
pathology.  Moreover,  it  is  to  be  remembered  that  the  processes  and 
changes  set  up  by  different  causes  of  disease  do  not  differ  bo  much  as 
the  causes  themselves.  In  fact,  certain  processes  are  really  common 
to  many  diseases,  and  are  thus  set  up  by  many  different  causes. 
Pathology  has  to  study  processes  themselves,  independent  of  their 
cause.  Inflammation,  for  instance,  is  produced  by  many  different 
causes,  but  the  process  set  up  by  these  causes  is  essentially  the  same 
in  all  cases. 

Furthermore,  while  diseases  produce  various  alterations  in  the 
original  elements  of  the  body,  these  alterations  can  only  fall  under  a 
certain  limited  number  of  types,  whatever  be  the  cause  producing 
them.  Now  it  is  the  tusk  of  patliology  to  study  the  tissue  changes 
themselves  prinmrily,  and  the  investigation  of  their  causes  is  a  scc- 
dary  matter.  Degeneration  or  atrophy,  or  overgrowth,  may  be  the 
final  term  of  several  distinct  processes,  but  yet  the  condition  resulting 
is  the  same  in  each. 

The  complete  study  of  the  causes  of  disease,  again,  would  involve 
an  exhaustive  examination  of  all  the  cosmic  conditions  under  whidi 
living  beings  exist,  which  is  obviously  impossible.  We  shall,  there- 
fore, confine  ourselves  to  discussing  one  class  of  causes — that,  namely. 
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of  injuries  in  the  widest  sense,  from  the  simplest  to  those  highly  com- 
plex ones  which  give  rise  to  specific  diseases,  and  describing  their 
immediate  effects.  To  pursue  the  subject  of  causes  further  would  be 
beyond  the  scope  of  this  work. 

The  subject  of  general  pathology  will,  then,  naturally  embrace  two 
main  divisions : 

Part  I.  The  Processes  of  Disease. 

Part  II.  The  Causes  of  Disease. 

It  might  be  a  question  whether,  in  treating  of  the  processes  of  dis- 
ease, we  should  begin  with  considering  the  organism  as  a  whole,  or 
with  the  consideration  of  its  elementary  parts. 

If  we  were  treating  of  the  pathology  of  animals  which  have  no 
circulation  of  the  blood,  we  should  start  with  the  changes  in  cells  as 
the  basis  of  all  pathological  processes.  But  in  the  higher  animals  the 
composition  and  distribution  of  the  blood  influence  all  morbid  changes 
in  such  a  marked  degree  that  it  is  more  convenient  to  take  account 
first  of  these  factors  of  disease.  The  treatment  of  general  pathology 
then  begins  with  a  consideration  of  alterations  in  the  blood  and  circu- 
lation. Next  it  deals  with  tissue-changes  or  disturbances  of  nutrition, 
and  lastly  with  anomalies  of  growth. 

One  division  in  a  complete  treatise  on  general  pathology  ought  to 
deal  with  anomalies  of  development  and  monsters ;  but  as  this  subject 
could  not  be  properly  treated  without  much  detail,  it  seems  best,  for 
the  purposes  of  an  elementary  manual,  to  omit  it  altogether. 


CHAPTEK   II. 

VARIATIONS  IN  THE  QUANTITY  OF  THE  BLOOD :  PLETHORA 

AND  ANEMIA. 

Excess  in  the  quantity  of  blood  in  the  body  is  called  Plethoray 
deficiency  in  quantity  is  called  Ancemia,  if  this  word  is  used  strictly, 
but  more  generally  it  is  employed  in  a  somewhat  different  sense,  which 
will  be  explained  hereafter. 

Plethora  or  General  Hjrpersemia  was  formerly  thought  to  be  of 
great  importance,  and  had  remarkable  consequences  ascribed  to  it. 
There  is  still  a  belief  that  plethora  may  be  recognized  by  certain  defi- 
nite characters,  especially  redness  of  the  face,  a  peculiar  state  of  the 
pulse,  and  other  symptoms  thought  to  indicate  distention  of  the  vascular 
system ;  and  that  it  especially  predisposes  to  inflammatory  diseases 
and  to  hemorrhage.  Practical  experience,  however,  when  its  results 
are  carefully  sifted,  tends  every  day  less  and  less  to  admit  the  reality 
of  the  condition,  or  of  the  dangerous  consequences  ascribed  to  it. 

It  should  be  remembered  that  the  amount  of  the  blood  in  the  human 
body  generally  is  very  imperfectly  known,  and  can  never  be  determined 
during  life ;  that  this  amount  must  be  constantly  fluctuating  under  the 
influence  of  its  gains,  viz«,  from  food  and  drink ;  and  its  losses,  by 
excretion,  exudation,  and  so  forth  ;  and  that  there  is  no  possibility, 
therefore,  of  fixing  any  standard  for  the  normal  proportion  of  blood 
to  the  body-weight.  Hence  we  have  no  means  of  determining  that 
the  blood  at  any  moment  is  in  excess.  The  only  supposed  evidence  of 
excess  is  tension  or  pressure  in  the  larger  vessels,  and  fulness  of  the 
smaller  superficial  vessels  and  capillaries.  The  question  of  blood- 
pressure  is  discussed  later  on.  In  the  meantime,  it  is  enough  to  say 
that  the  results  of  observation  and  experiment  in  men  and  animals, 
show  that  the  addition  or  subtraction  of  even  large  quantities  of  blood 
exercises  only  a  momentary  influence  on  the  tension  of  blood  in  the 
arteries.  The  ligature  of  a  large  vessel,  or  the  amputation  of  a  limb 
without  loss  of  blood  (as  by  Esmarch's  bandage),  causes  a  rise  in  blood- 
pressure  of  only  a  short  duration,  and  produces  no  permanent  conse- 
quences, though  the  proportion  of  blood  in  the  remainder  of  the  body 
must  be  greatly  increased.  Again,  numerous  experiments  on  animals 
(more  especially  by  the  physiologists  of  the  Leipzig  school)  have  shown 
that  a  large  quantity  of  blood,  amounting  to  one-half  or  three-fourths 
of  the  original  blood-mass,  may  be  added  by  transfusion  without  any 
bad  consequences  in  healthy  dogs.  The  excess  of  blood  first  accumu- 
lates ia  the  veins  and  capillaries,  especially  in  the  abdominal  veins, 
without  producing  any  bad  results.  The  excess  of  plasma  is  slowly 
removed ;  a  considerable  part  in  a  few  hours,  the  rest  in  two  or  three 
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days,  while  the  excess  of  blood  corpuscles,  though  it  may  remain  for 
some  weeks,  is  not  permiineiit.  Ttie  arteriuli  blood-pressure  is  raised 
only  for  a  few  minutes  after  the  operation.  When  very  large  tjuanti- 
ties,  amounting  to  one  anil  a  half  time^  or  thrice  the  original  bJood- 
mnss,  are  injected,  death  occurs,  and  is  prercdetl  by  an  uccuinulatiun 
of  blood  in  the  veins  and  capillaries,  es]t(L'cially  those  of  the  abdotiiinal 
viscera.  Even  in  these  cases  the  blood- pressure  is  not  permanently 
raised  above  a  normal  standard.  T!ie  explanation  of  these  results  is 
that  the  vascular  system  is  susceptible  of  very  great  variation  in 
capacity,  and  thus  adapted  to  contain  a  larger,  or  smaller  quantity  of 
blood  without  any  permanent  alteration  of  tension,  ihat  is,  without 
any  physical  conseqnences  of  excessive  distention  or  the  reverse. 
There  can  bo  no  •tnul>t  that,  as  will  be  afterward  expdained,  a 
tuacfiinery  exists  which  possesses  this  compensatory  or  regulative 
power,  and  prevents  overfilling  of  the  arterial  system.  Excess  of 
blood  can  only  acciuuulate,  if  it  accumulate  at  all,  in  the  veins. 

A  practical  corollary  from  these  results  would  be,  that  the  extreme 
dread  of  over-Glling  the  va.'^cular  system,  sis  in  the  operation  of  trans- 
fusion of  hlood  (in  which  it  is  thought  necessary  to  withdniw  a  coiTe- 
sponding  amount  of  blood  to  that  injected)  is  exaggerated,  and  not 
founded  on  any  basis  of  positive  knowledge.  As  regards  the  fulness 
of  superficial  vessels  it  should  be  retnembered  that  the  blood-supply 
to  the  head,  and  even  to  the  skin,  is  under  the  control  of  every  sjiecial 
nervous  mechanism,  and  that  their  fulness  is  not  necessarily  an  index 
to  the  state  of  the  vascular  system  generally. 

The  general  conclusions,  therefore,  are:  (1)  That  the  existence  of 
true  plethora,  as  a  permanent  condition,  is  unproved,  and  even 
improbable. 

(2)  That  transitory  plethora  will  overfill  the  veins,  but  nnt  the 
arteries,  and,  therefore,  will  not  produce  the  results  traditionally 
ascribed  to  plethora. 

(3)  That  the  symfitoms  regardeil  as  those  of  plethora,  so  far  as  they 
actually  exist,  are  ntther  those  of  excess  of  premun-  in  the  arteries 
(wliich  will  he  considered  liereaftcr),  or  of  special  detennination  of 
blood  to  tlie  superficial  vessels.  The  one  anatomical  fact  alleged  as  a 
proof  of  the  existence  of  true  plethora  is  the  existence  of  hypertrophy 
of  tiie  heart  without  any  otlier  obvious  explanation.  But  this  is  rather 
a  proof  of  increased  arterial  resistance  than  of  increjise  in  the  mass  of 
the  blood. 

The  only  clinical  symptoms  which  agree  with  those  of  experimental 
plethora  are  those  of  overfulness  of  the  abdominal  veins,  such  as  causes 
the  production  of  hemorrhoids.  These  may  possd>ly  be  nuule  worse, 
or  even  originated,  by  an  increase  in  the  wliole  uiass  of  blood ;  but 
even  this  coTichision  is  dubious,  since  there  ru'c  tuany  other  circum- 
stances which  may  cause  an  accumulation  of  blood  in  these  parts. 

It  has  been  supf>osed  that  a  condition  equivalent  to  plethora  in  its 
effects  may  exist,  through  an  excess  of  reil  corpuscles  in  the  bloml ; 
but  though  the  number  of  these  corpuscles  vary  very  much,  there  is 
no  proportion  of  them  which  we  can  recognize  as  excess. 


2« 


THE    PROCESSES    OF    DISEASE. 


Hydrffimic  Plethora  is  the  naniu'  ■which  has  been  given  to  the  con- 
dition in  which  the  totul  amount  of  water  in  the  circulatory  system  is 
increased,  without  any  ahsolute  increase  in  the  other  coDstituents. 
This,  of  course,  involves  a  qualitative  change  in  the  blood,  which  is 
more  watery  tlian  normal.  Tliis  condition  has  been  produced  experi- 
mentally by  injecting  saline  solutions  or  water  into  the  veins  of  dogs, 
witli  results  to  bo  noticed  subsequently.  It  is  also  possibly  the  cnn- 
dition  of  blood  wtiich  is  soraetinies  brought  about  by  disease  of  the 
kidneys,  with  diminished  excretion  of  water.  But  as  it  is  impossible 
to  discuss  thi»  subject  without  entering  on  the  question  of  qualitative 
variations  in  the  blood,  we  <iefer  its  consideration  for  the  present,  only 
remarking  that  it  is  difficult  to  prove  the  existence  of  such  a  condition 
in  the  human  body. 

Aneemiia  or  Oligeemia. — Understood  strictly,  this  should  mean  an 
actual  diminution  in  the  mass  of  blood.  Such  a  diminutioQ  undoubt- 
edly occurs  when  large  qunntities  of  blood  are  withdrawn,  as  in  the 
case  of  excessive  heiiiorrhitge.  The  consequences  are  increased  rapidity 
and  weakened  force  in  the  contractions  of  the  heart,  with  lowering  of 
the  arterial  presswre.  The  latter  condition  is  only  temporary,  the 
pressure  being  stion  restored  to  the  normal.  In  cats  and  dogs,  from 
which  even  one-fourth  of  the  mass  of  blood  has  been  withdrawn,  the 
lowering  of  pressure  lasts  only  a  few  minutes ;  probably  because  the 
amemic  condition  stimulates  the  vasomotor  centre  in  the  medulla 
oblongatii,  and  thus  is  caused  a  contraction  of  the  muscular  walls  of 
the  arteries  all  over  the  body.  The  vessels  tlius  contract  till  their 
capacity  corresponds  to  the  diminished  volume  of  the  blood,  just  as 
in  the  case  of  blood  being  added,  the  arterial  system  enlarges  in  a  cor- 
responding degree.  We  have,  therefore,  no  direct  evidence  as  to 
actual  variations  in  the  mass  of  the  blood,  and  it  is  impossible  to  prove 
that  in  any  case,  recognized  as  anaemia,  there  is  a  real  diminution. 
But  there  is  strong  reas<3n  to  believe  that  a  real  diminution  docs  exist 
in  cases  of  starvation,  or  virtual  starvation  from  wasting  diseases,  and 
in  fatal  idiopathic  (so-called  ''  [lernicious  ")  ansemia,  as  well  aa,  prob- 
ably, in  other  forms  of  antemia.  The  evidence  of  this  after  death  is 
sufficiently  clear,  though  not  reducible  to  actual  weight  or  measure^] 
raent.  No  one  accustomed  to  post-mortem  examinations  can  possibl] 
doubt  that  in  cases  of  fatal  anainia  the  actual  quantity  of  blood  is 
very  small,  and  there  is  not  merely  a  want  of  coloring  matter.  (Ju 
this  point  I  c^in  speak  confidently  from  personal  experience- 
When  a  large  quantity  of  blood  has  been  taken  from  an  animal,  a 
restoration  of  the  blood-mass  to  its  original  condition  gi'adually  tjikes 
place.  Water  is  the  first  blood-constituent  to  be  restored,  the  ie<iuceil 
volume  of  blood  appearing  to  cause  an  absorption  from  the  lymphatics 
and  tissues.  This  is  thought  to  occur  in  a  few  days,  or  even  (experi- 
mentally) in  a  few  hours.  It  is  shown  by  the  fact  that  the  blood  is 
diluted — that  is,  more  waterv  than  before — and  it  is  possible,  though 
not  susceptible  of  proof,  that  the  original  volume  of  blood  may  thus 
be  soon  reinstated.  Next  the  albumen  of  the  serum  is  restored,  and 
may  be,  it  is  thought,  in  healthy  animals,  in  a  few  days ;  the  leuco* 
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cytes  next  begin  to  present  their  normal  proportions ;  and  lastly,  but 
more  slowly,  the  colored  corpuscles ;  so  that  in  a  few  weeks  the  con- 
dition of  the  animal  is  as  it  was  before.  There  is  every  reason  to 
believe,  though  the  fact  has  not  been  so  precisely  determined,  that  the 
same  process  occurs  after  the  loss  of  blood  in  the  human  subject. 

It  is  clear  that  the  blood,  till  the  process  of  restoration  is  complete, 
will  be  different  in  quality  from  what  it  is  in  health ;  one  or  more  of 
its  constituents  being  deficient  relatively  to  the  amount  of  water. 
During  the  whole  of  this  process  the  condition  of  the  blood  is  what  is 
called  clinically  anaemia.  Hence  we  see  how  this  name  comes  to  be 
used  for  a  qualitative,  not  quantitative,  alteration.  In  fact,  by  this 
name  are  understood  several  abnormal  conditions  of  the  blood,  caused 
by  one  or  more  of  its  solid  constituents  being  relatively  deficient. 

The  name  Spansemia,  meaning  thinness  or  poorness  of  blood,  is 
more  accurate  than  anaemia,  though  not  often  used. 

These  conditions,  dependent  upon  an  alteration  in  the  quality  of 
the  blood,  will  be  discussed  afterward. 

We  must  now  speak  of  variations  in  the  amount  of  blood  distributed 
to  different  parts  of  the  body,  or  local  hyperoemia  and  local  an^xmia. 


CHAPTER   III. 

LOCAL  DISTURBANCES  OF  CIRCULATION. 

When  the  amount  of  blood  in  any  organ  or  part  of  the  body  is 
increased,  the  condition  is  called  Local  Hyperiemia ;  when  the  amount 
is  diminished  it  is  called  Local  Antemia. 

Local  HypersBmia. — Local  Hyperemia  may  be  caused  by  (1)  an 
excessive  supply  of  blood  to  the  part  by  the  arteries ;  this  is  Arterial 
Ilyperjemia  or  Active  Congestion ;  (2)  by  imperfect  removal  of  blood 
by  the  veins ;  this  is  Venous  Hypersemia,  or  Passive  Congestion.  The 
capillaries  may  be  overfilled  from  either  of  these  causes.  It  is  pos- 
sible there  is  a  Capillary  Hypersemia,  caused  by  obstruction  in  these 
vessels ;  but  if  there  is,  it  will  be  with  difficulty  distinguished  from 
venous. 

Arterial  HypersBmia. — In  this  condition  the  part  is  overfilled  with 
arterial  blood.  The  color  of  external  parts  is  bright  red,  the  arteries 
being  fully  injected,  and  the  capillaries  overfull  of  arterial  blood. 

In  extreme  forms  of  arterial  hypersemia  produced  experimentally  in 
animals,  the  blood  may  run  through  the  capillaries  without  losing  its 
bright  red  arterial  color.  But  in  ordinary  pathological  conditions  the 
venous  circulation  is  only  altered  in  that  it  is  more  rapid.  There  may 
be  visible  pulsation  or  throbbing.  The  temperature  of  external  parts 
is  rdised,  though  not  above  that  of  the  internal  organs.  There  may 
be  swelling  or  enlargement  of  the  part  from  distention  of  the  vessels. 
There  is  increased  excitability  of  the  nerves  of  the  part,  and  some- 
times sensations  of  warmth,  fulness,  or  itching,  rarely  actual  pain. 

This  condition  is  well  seen  in  physiological  hypersemia  of  the  skin, 
or  blushing,  in  morbid  flushing,  such  as  that  of  the  face  produced 
through  reflex  nervous  action  by  conditions  of  the  internal  organs, 
and  in  the  various  forms  of  erythema  of  the  skin.  It  is  distinguished 
from  the  redness  produced  by  hemorrhage  by  the  fact  that  the  red 
color  disappears  on  pressure ;  and  from  the  redness  of  inflammation 
sometimes  by  the  same  test;  and  also  by  the  absence  of  any  signs  of 
increased  exudation  from  the  vessels.  The  same  condition  has  been 
seen  to  accompany  the  functional  activity  of  internal  organs,  such  as 
that  of  the  stomach  during  digestion,  or  of  the  glands  during  secretion. 

Causes  of  Arterial  HypersBmia. — The  most  frequent  cause  of  arte- 
rial hyperemia  is  a  dilatation  of  the  arteries  by  relaxation  of  their 
muscular  walls,  howsoever  produced.  This  may  be  termed  va»o- 
motor  hyper cemia. 

But,  in  addition,  there  may  be  increased  pressure  in  one  set  of 
arteries  in  consequence  of  the  obstruction  of  other  branches  dependent 
upon  the  same  arterial  trunk,  or  upon  the  shutting  off  of  the  blood 
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from  some  large  division  of  the  arterial  system.  This  may  be  termed 
eollatiTdl  kypercemin. 

It  is  thought  that  hypenemia  may  be  produced  by  incrensed  nutri- 
tive or  finictinniil  activity  in  the  tissue-elements,  which  thus  attract 
au  increased  su]i{)ly  of  blond  to  the  part.  This  may  he  called  atrractive 
hypenemia.  The  afflux  of  blood  to  the  fertilized  ovum  in  the  uterus 
is  an  instance.  But  it  may  be  doubted  whether  the  tissues  do  not  act 
in  these  cases  indirectly,  by  affeeting  the  nervous  and  muscular 
arrangements  of  the  vessels. 

Relaxation  of  the  arterial  walls,  or,  in  other  VTords,  abolition  of  the 
vascular  tone,  may  be  eatiseil  directhi  by  the  influence  of  heat,  elec- 
tricity, or  chemical  so-called  irritants,  the  action  of  each  of  which 
agents  produces  superficial  transitory  redness  of  external  parts.  But 
this  easily  passes  into  the  more  pennauent  redness  which  indicates 
inflammation.  Similar  loss  of  tone  occurs  ^econdarilt/  from  paralysis 
of  the  muscular  fibres  subsequent  to  spasmodic  contraction,  such  as  is 
produced  by  cold  or  by  a  Idow  on  the  skin.  Here  we  see  a  transitory 
anwmia  (^jHowcd  by  hypenemia,  which  lasts  stjmewhnt  lonjrer.  but 
passes  away  without  permanent  results.  In  certain  jmtliological  c*jn- 
ditions  the  consecutive  hypenemia  m.ay  be  so  intense  as  to  lead  to 
swelling  and  the  production  uf  a  '' wheal."  This  is  the  "factitious 
urticaria,"  produced  in  some  persons  by  pressinji  or  rubbing  tlie  skin 
with  a  blunt  point.  It  has  no  necessary  connection  with  the  disease 
urticaria,  and  may  occur  in  healthy  persons.  Certain  conditions  of 
the  central  nervous  system  also  influence  the  intensity  of  tiiis  hyper- 
a^mia  and  the  rapidity  with  which  it  is  produced,  as  seen  in  the  so- 
called  tache  cSrSftralcy  produced  by  pressure  on  the  skin  in  some 
diseases  i>f  the  nerve-centres,  when  the  tone  of  the  arteries  is  doubtless 
interfereil  with. 

Bui  the  most  common  cau.««e  of  the  loss  of  tone  which  causes  hyper- 
K'Uiia  is  a  vaso-motor  disturbance.     Tliis  may  he  either: 

(1)  A  paralysis  of  the  inhibitory  or  va.sn-eonstnctor  fibres,  especially 
such  as  the  cervical  sympathetic,  the  splanchnic,  etc..  and  some  mixed 
nerves,  as  the  sciatic. 

(2)  .Stimulation  of  the  actively  dilating  or  vaso-dilator  nerves,  such 
as  the  cht^'da  tympani,  the  nervi  erigentes  of  the  penis,  and.  under 
certain  circumstances,  the  nerves  sujijjlying  muscles. 

The  former  may  be  ailled  neuropitraltfiic  hypenemia,  the  latter 
ni-urotonic. 

Neuroparalytic  Hyper»mia. — This  condition  is  most  clearly  seen 
in  the  expertznentnl  .section  of  the  cervical  sympathetic  in  animals, 
%\liich  produces  in  the  whole  of  the  affected  side  of  the  head,  including 
the  ear,  dilatation  of  the  arteries;  with  intense  hypenemia,  rise  of 
temperature,  and  visible  pulsation,  contraction  of  the  pupil,  and  other 
symptoms  not  belonginf;  to  the  present  subject,  but  serving  to  make 
the  diagnosis  of  this  lesion  in  doubtful  cases.  It  is  important  t(( 
remember  that  after  a  time  this  condition  is  reversetl,  the  aflected  area 
becoming  anjemic. 

The  same  gi-oup  of  symptoms  haa  been  observed  in  man  in  a  few 
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cases  of  lesion  of  the  same  nerve ;  especially  after  gunshot  wounds. 
More  generally  cases  in  the  human  subject  do  not  come  under  obser- 
vation till  a  later  period,  when  the  vascular  symptoms  are  reversed,  or 
else  in  a  state  of  transition,  some  symptoms  belonging  to  the  earlier, 
some  to  the  later  stage ;  though  the  condition  of  the  pupil,  etc.,  show 
that  the  sympathetic  is  really  aflFected.  Disturbance  of  the  vascular 
system  generally  by  exercise  or  emotion  may  reverse  the  conditions. 

The  exciting  cause  in  such  cases  is  lesion  of  the  sympathetic  by 
pressure  of  a  tumor,  destruction  by  an  abscess,  etc. 

A  case  of  this  kind  was  observed  by  the  author  in  a  child,  in  whom 
the  cervical  sympathetic  appeared  to  have  been  injured  by  the  forceps 
applied  during  birth.  It  corresponded  to  the  later  period  in  experi- 
mental section  of  the  nerve  (St.  Thomas's  Hospital  Reports,  vol.  iii., 
N.  s.,  1872). 

A  similar  condition  has  been  seen  in  wounds  of  the  brachial  plexus 
by  a  fractured  clavicle. 

Hyperaemia  of  the  viscera  from  section  of  the  splanchnic  nerve  is 
one  of  the  best  ascertained  results  of  experimental  pathology  ;  and  it 
is  probable  that  this  condition,  in  a  partial  form,  may  occur  in  ab- 
dominal diseases,  but  no  exact  evidence  has  been  produced  of  such  a 
lesion  in  man. 

In  animals,  experimental  section  of  cerebro-spinal  nerves  has  been 
found  to  produce  similar  hypereemia,  as,  for  instance,  of  the  brachial 
plexus — affecting  the  anterior  extremity,  and  of  the  sciatic — affecting 
the  posterior. 

This  condition  has  not  yet  found  a  parallel  in  human  patholoo;y. 

Section  of  the  fifth  cranial  nerve,  or  some  of  its  branches,  in  animals, 
has  similar  consequences. 

In  man,  lesion  of  this  nerve,  or  a  branch,  has  often  been  seen  to 
cause  hyperjemia  of  the  iris,  the  conjunctiva,  the  cheek,  the  gums,  etc., 
the  origin  of  the  symptoms  from  the  fifth  nerve  being  proved  by  the 
loss  of  sensation  in  the  parts  and  in  some  cases  by  atrophy.  "  The 
author  has  observed  a  case  of  lesion  of  this  nerve,  unmistakably  shown 
by  the  last-mentioned  symptoms,  as  well  as  by  certain  ocular  phe- 
nomena, in  which  there  was  unilateral  flushing,  precisely  comparable 
to  that  of  sympathetic  paralysis. 

Neurotonic  Hypersemia. — Dilatation  of  the  muscular  walls  of  the 
arteries  may  also  be  produced  by  direct  irritation  of  certain  nerves — 
vaso-dilators.  This  fact  is  well  ascertained  experimentally,  but  there 
arc  not  many  clear  instances  of  the  operation  of  this  law  in  the  human 
body. 

One  of  the  best  marked  cases  is  that  of  hypertemia  of  the  fingers 
produced  by  wounds  of  the  brachial  plexus,  described  as  "glossy 
fingers  "  by  Sir  J.  Paget,  and  observed  in  many  cases  of  gunshot 
wounds  by  the  American  surgeons.  The  lesion  must  be  incomplete — 
that  is,  an  irritative  lesion,  not  involving  complete  severance  of  the 
nerve  (since  the  latter,  in  man,  does  not  cause  hyperaimia),  and  does 
not  appear  till  some  days  after  the  wound. 

There  is  elevation  of  temperature,  compared  with  the  healthy  side, 
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of  one  or  more  degrees;  neuralgic  piiiii ;  anil  often  evidence  of  inflam- 
mation of  tlie  nerve.  Similar  liypertenna  afft'Cting  the  skin,  or  the 
eye,  is  observed  to  iiccompany  neuralgiu  of  the  fifth  nerve,  both  this 
and  the  pain  being  npparently  dependent  upon  one  eoramon  irritative 
cause. 

Local  hyperaemia  of  the  extremities,  especially  the  foot,  accompanie<l 
by  liypersesthesia,  has  been  observed  by  Weir  MitcheH,  and  called 
erythroniflalgia.     It  ie  caused  by  some  affection  of  the  nerve-trunks. 

Iconic  forms  of  erythenra  appear  to  be  due  to  the  same  cau.se. 

All  these  forms  of  hyperseniia  may  recur  periodically. 

Eeflex  Hyperffimia. — Tlie  iiypenvniic  conditions  above  described 
may  be  caused  by  a  nervous  irritation  transinntted  to  the  niednlla 
oblongataj  and  reHected  upon  the  vasomotor  nerves.  Experimentally, 
this  is  shown  by  irritating  the  central  portion  of  the  trunk  of  a  divided 
nerve.  Pathologically,  wo  have  instances  in  the  flushing  of  the  face, 
either  transient  or  persistent,  produced  Iiy  derangements  of  the  stouiiich 
and  generative  organs.  These  are  genenilly  regarded  as  of  ueunjjKtra- 
lytic  origin,  but  may  possibly  be  the  result  of  a  direct  stimulation 
transmitted  from  the  nerve-centre — /.  e.,  neurotonic. 

Keflex  hyperiemia  of  the  kidneys  may  be  produced  by  irritation  of 
the  urethra. 

Hypera?mia  of  the  face  is  often  pi-oduced  by  a  reflex  irritation 
starting  from  carious  teeth.  Some  forms  of  erythenia  are  probably 
thus  ]>rnduced. 

This  is  probably  the  explanation  of  the  sympathetic  congestions  and 
inflammations  ;  /.  e,,  when  from  disease,  or  injury  of  one  part  or  organ, 
the  corresponding  part  or  the  other  side  of  the  body  becomes  affected, 
This  has  long  been  known  to  occur  in  the  eye,  constituting  sympathetic 
ophthamia.'  The  same  phenomenon  often  occurs  in  skin  diseases;  for 
instance,  eczema  of  one  liaml,  produced  by  some  local  irritation,  may 
give  rise  to  similar  inflammation  of  the  other  hand. 

In  the  observed  cases  of  lesion  of  the  cervical  sympathetic  in  man, 
the  corresponiling  nerve  of  the  other  side  has  always  been  in  some 
■way  di.sordered  in  function. 

Hypersemia  of  central  origin. — The  same  nervous  disturbances 
abovf  described,  both  neuroparalytic  and  neurotonic,  may  originate  in 
a  state  of  the  central  nervous  system  independent  (tf  irritation.  This 
is  seen  in  the  familiar  case  of  blushino;  from  emotion,  whether  of  shame 
or  anger.  In  vartotis  morbid  conditions  of  the  brain  and  spinal  cord, 
hypenemia  of  certain  jnirts  of  the  skin,  in  the  form  of  erythema,  is 
seen;  e.  (/.,  in  tabes  dorsalis,  myelitis,  prt^ssure  from  carious  ver- 
tebrae, etc. 


'  Latf  Iv.  an  ctitiroly  ililT'ervnt  explanation  hat)  beeu  given  of  oj'mpathetic  inflatntna- 
lion  of  one  fy«  c<iii!i«<|ii«>nl  on  diseiiso  nf  the  uther.  It  lias  been  anid  In  he  due  t4i  tniftra- 
liun  of  biu^teriit  nlonu;  the  eltcatii  uf  the  optic  nervi'  froui  the  originitUy  nttls-tt-d  eye  to 
the  sound  one.  On  hucIi  u  p<iiuli  nny  one  but  ti  «pc>riali«t  luny  well  ho^itat'C  before  giving 
un  o[)iniou. 
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Consequences  of  Arterial  Hyperaamia. — This  condition,  if  uncom- 
plicated, does  not  necessarily  produce  any  notable  results.  But  the 
tissues  are  in  a  more  vulnerable  condition  than  usual,  and  a  slight 
injury  will  set  up  inflammation. 

In  certain  cases,  long-continued  hypersemia  produces  hypertrophy 
of  the  tissues  supplied.  It  is  not  quite  clear  why  it  should  not  always 
do  so. 


CHAPTER    IV. 
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Venoua  Hypereemia  {Pai»ive.  Con<je»Hon). — When  bli>o(l  in  iuipcr- 
fectly  removed  tVoiu  n  jmit  by  tlio  veins,  tlicfw  vessels  will  heeomc 
distended  and  show  a  euinlitioii  of  over-presKurc.  Tliis  over-preHxiirc 
is  transmitted  backwunl  to  the  ejipilhirieh,  wliieh  will  beeotne  over- 
filled with  blood;  mid  this  blood,  iiassin^  lhroii;«h  ihein  slowly  iitnl 
^vith  (lilheijlty,  will  become  veiioii»  in  chitrncler,  tlituitgh  1o».m  cif  oxygi'ii 
and  aecuniulation  of  ettrbf^nie  acid.  In  (ithr-r  words,  the  iireri  of  the 
venous  ciipillttries  becomes  enlnr^eil  in  proprtrtinti  to  tluit  of  ilie  arterial 
capillaries.  It  does  not  apjieurlluit  tlie  jiresKun*  in  die  iirterieH  \*  ever 
sensibly  increjised,  even  by  a  considernble  olwtnictinn  in  the  veinn,  btil 
the  current  of  blood  through  them  unv^i  irievitably  be  retarde<l. 

A  part  thus  affected  will  show  vjnible  injection  of  the  »maller  vein« 
and  a  general  bluish  or  purple  tint,  due  t^i  the  ciifjillaries  being  over- 
full of  venous  blood.  An  extenial  part  in  ihix  (Condition  will  be  eoMer 
than  noiiiial.  and  show  no  unriHiiiil  nervouM  xenHibility  or  throbbing. 

There  will  often  be  swelling,  which  may  be  due  to  aetual  trunoudii- 
tion  of  serum  from  the  veiw«lit,  and  not  merely  to  fulti<*KH. 

Causes  of  Venous  Congestion. — The  fore^'i*  which  normally  maintain 
the  flow  of  blo«Hl  thn^ugh  the  veim*  are  the  force  <»f  the  heart,  acting 
through  the  arteries,  the  sacking  action  of  the  thorax  on  the  gront 
veins  during  inspindoiif  aad  the  preMure  of  muHcIen,  made  continuous 
by  the  action  of  tb«  veooas  valves. 

Simple  weakening  of  the  heart's  action  does  not  necoMtarily  caune 
venous  congestion,  but  defects  in  the  valves  oHusing  obstruction  to  the 
passage  of  blood  throit|^  tiie  heart,  produce  general  venous  c^ngestiou, 
especially  of  the  extnaitiea.  A  high  degree  of  this  irongi^tion  con- 
stitutes cyanosis, and  leads  to  ^angsa  ia  tm  internal  orgati*.  ImfitvJi- 
meuts  to  respiratioD  prodaet  the  aaoMi  rasalt  in  a  leM  marker]  degree. 

This  general  onngistif  ii  aaea  notaJfly  in  the  veiuH  of  the  lower 
leg  and  foot,  being  thew  aided  bj  the  action  of  gravity,  and  pn^lucing 
Tmrioose  veins  with  all  cbcsr  oMMeqacucea,  Wlien  the  cinruhitioti  is 
modi  enfeebled,  as  is  mevm  (even,  sfaywriwi  of  bloo'l  may  occur  in 
the  lowest  parts  ef  tlie  body— £  <.,  (jm  dwtimt  ustieu'u)  iti  iLr 
liates,  aaenaa,  lii  wfAhw  Mkht^  — d  pasttfrior  parti  of  ifce  I— y,  tmm\ 
tnting  tynsfirtr  mmyitim.  Dinct  pr«MSir»  Ium  a  alnra  ia  prvdaeMg 
tiiis  ootMJtioiu 

Local  veiMMS  nonjwitioa  b  pindiieiad  by  '-nr  '^  '^  <-  ~<^^' 

dkemadveSr  Mch  as  esterval  pw—Jii        y 
Bictvs,  overkaded  iaiwmiwi,  ate;  a?- 
resalting  froa  pnnam  emf/utiim^    It.  ■ 
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of  the  veins,  especially  inflammation,  may  lead  to  coagulation  of  the 
blood  and  consequent  obstruction.  But  more  generally  these  changes 
are  subsequent  to  the  coagulation  {nee  Thrombosis). 

Consequences  of  Yenoas  Congestion.  —  This  form  of  hyperaemia 
produces  more  important  and  permanent  consequences  than  arterial. 
When  a  vein  is  suddenly  obstructed,  as  by  ligature,  swelling  generally 
occurs,  due  to  a  copious  transudation  of  serum,  not  adequately  removed 
by  the  lymphatics — in  fact,  dropsy ;  but  this  is  not  constant,  and 
depends  partly  upon  the  amount  of  blood  conveyed  by  the  arteries,  so 
that  it  isj  at  all  events,  much  increased,  if  not  caused,  by  section  of  the 
vasomotor  nerves,  causing  arterial  dilatation.  The  pressure  in  the 
veins  rises  till  it  may  equal  that  in  the  arteries. 

The  minute  changes  which  occur  may  be  studied  in  transparent 
parts  under  the  microscope.  The  movement  of  blood  in  the  capillaries 
is  seen  to  be  retarded,  and  may  oscillate  or  become  stationary  unless 
some  collateral  channels  are  opened.  The  colored  corpuscles  come  in 
close  contact  with  the  walls  of  the  smaller  veins  and  capillaries,  which 
they  appear  completely  to  fill,  and  after  a  time  begin  to  pass  through 
the  walls  without  rupture,  by  diapedem.  The  leucocytes  do  not  pass 
through  unless  some  further  change  occurs.  The  exuded  fluid  is  not 
identical  with  normal  blood-plasma ;  it  is  poorer  in  albumen,  and  docs 
not  contain  the  materials  of  fibrin,  so  that  it  does  not  coagulate.  The 
lymph  running  from  the  part  has,  in  experiments,  been  found  tinged 
with  blood-pigment. 

The  explanation  of  these  facts  is,  that  the  walls  of  the  vessels  are 
altered  through  being  imperfectly  nourished  by  the  stagnant  venous 
blood,  and  thus  become  more  permeable  to  all  the  blood-constitnents. 
The  fact  of  increased  permeability  of  the  vascular  wall  due  to  dimin- 
ished vitality  is  found  in  other  circumstances  also.  These  conditions 
are  seen  to  be  produced  to  a  great  extent  in  pathological  states  of 
venous  hypereemia.  The  parts  become  swollen  and  pigmented  from 
changes  in  the  extravasated  blood-corpuscles.  If  the  condition  become 
chronic,  there  is  induration  from  hardening  of  the  connective  tissue, 
which  also  becomes  hypertrophied.  The  condition  then  becomes  one 
of  fibroid  change  or  fibroid  degeneration. 

Tliese  changes  are  well  seen  in  the  lower  part  of  the  leg  when  con- 
gested from  varicose  veins.  Inflammation  does  not  necessarily  follow, 
but  the  parts  are  in  such  a  state  that  inflammation  is  readily  excited ; 
and  hence  we  find  inflammation  of  the  skin,  or  eczema,  frequently 
resulting  from  this  condition.  As  the  tissues  are  badly  nourished 
from  the  deficient  supply  of  arterial  blood,  atrophy  is  a  constant  result, 
and  sometimes  we  find  necrosis  set  up  by  slight  causes,  so  that  in  the 
skin  of  the  leg  ulcers  are  formed.  In  parts  which  are  susceptible  of 
great  vascular  dilatation,  such  as  the  bed  of  the  nail  and  ends  of  the 
fingers,  permanent  enlargement  occurs,  forming  the  condition  known 
as  "  clubbed  fingers." 

The  changes  in  internal  organs  are  not  less  clearly  marked  when 
examined  after  death.  In  venous  congestion  from  obstruction  at  the 
heart,  the  liver  and  kidneys  are  most  strikingly  affected.    The  liver  is 
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at  first  enlarged,  and  if  oxjiniined  in  tlint  stii^'e  will  be  found  very  full 
of  bJood,  with  the  ccntnil  portion  of  the  lobules  especiiiHy  engorged 
(Fig.  1).  At  a  Inter  stage  the  organ  is  found  smaller,  'the  central 
portion  of  eacli  lobule  shows  dilatation  of  the  capillaries,  but  wasting 
of  the  liver-cells,  whieh  are  doficJent  there,  and  also  deposition  of  jiig- 
inent.  In  the  outer  portion  tine  eolLs  are  engorged  with  fat.  The 
contrast  of  color  between  the  two  jiortious  produces  the  appearance 
known  as  nutmeg-liver.  The  organ  is  alao  hard  from  induration,  and, 
probably,  increase  of  the  connective  tissue.  'J'he  functionnl  activity  of 
the  organ  i*  diminished. 


mi 


:>f'2 


Liiljiilt!  (if  liver  ill  .■lirimi'  venous  congestion. 
T'^veua centralis.    Around  ihig  iIih  liver-tisflUi'  in  rarefied, aii<l  replocecj  by  dialeuiled 
capillariea  containing  tilood.     Xunieroiii!  pigment-gmnnles.     Tlip.  niit»>r  margin  of  sec- 
tion shows  more  liver-tiMni«. 

The  kidneya  are  also  at  first  enlarged,  and  of  a  alaty-blue  color. 
After  a  time  atrophy  sets  in,  and  the  fibrous  tissue  relatively  predomi- 
nates, so  that  the  condition  resembles,  though  it  is  not  identical  with, 
primary  fibroid  change.  The  functional  activity  of  the  kidney  as  u 
secreting  organ  is  lowered,  but  tlicre  is  often  ob.served  a  passage  of 
bloo<l-serum  into  the  urine,  or  alhumitiuria. 

When  the  portal  circulation  is  obstructed,  as  by  cirrhosis  of  the 
liver,  similar  changes  are  found  in  the  organs  connectet]  with  the  portal 
system.  The  spleen  is  enlarged  and  much  congested.  The  thucous 
surfaces  are  congested  and  readily  pass  into  catarrhal  infiaiumation, 
diarrhcpa,  or  gastric  catarrh.  Hemorrhages  from  rupture  of  stiiall 
vessels  often  occur.  The  serous  surface  of  the  peritoneum  becomes 
(Edematous,  and  readily  gives  off  a  serous  effusion,  constituti"" 

Increased  pressure  on  the  heemorrhoidal  veins  will  tc 
dilatation  of  these  vessels,  and  hfemorrhoids,  though  this  i 
the  causes  of  the  production  of  these  tumors. 
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The  spleen,  being  an  organ  capable  of  great  vascular  dilatation, 
becomes  permanently  enlarged. 

In  obstruction  of  the  right  side  of  the  heart  (direct  or  secondary) 
the  lungs  become  first  congested,  and  then  pass  into  a  condition  of 
brown  induration,  characterized  by  hardness  and  pigmentation,  irom 
the  escape  of  blood-corpuscles. 

Collateral  circulation  through  neighboring  veins  is  often  established 
in  cases  of  venous  obstruction,  and  by  this  means  the  consequences  are 
often  averted  or  minimized.  The  resulting  dilatation  of  superficial 
veins  is  often  the  only  external  evidence  of  the  obstruction  of  internal 
veins. 

In  the  cases  we  have  been  considering  there  must  be  some  collateral 
circulation.  If  there  be  none,  so  that  there  is  an  absolute  stoppage  of 
circulation,  the  result  is  local  death,  or  necrosis — a  condition  to  be 
considered  hereafter. 

Capillary  Hypersemia — Stasis. — It  has  been  shown  that  fulness  of 
the  capillaries  is  a  consequence  both  of  venous  and  of  arterial  hyper- 
emia. Whether  it  may  also  be  caused  by  a  change  in  the  capillaries 
themselves  is  rather  a  diflScult  question.  Though  capillaries  are 
capable  of  contraction,  the  change  of  calibre  thus  produced  is  not 
enough  to  cause  serious  obstruction.  Hindrance  to  the  passage  of 
blood  through  the  capillaries,  if  caused  at  all,  must  be  by  a  change  in 
the  capillary  wall,  altering  the  relations  between  the  blood  and  the 
vessels,  and  producing  greater  friction — that  is,  greater  resistance. 

That  such  a  change  is  possible  is  shown  by  the  results  of  experiments 
on  animals. 

If  the  web  of  a  frog's  foot  be  touched  with  some  moderately  stimu- 
lating substance,  such  as  mustard  or  alcohol,  while  the  circulation  is 
being  observed  under  the  microscope,  there  is  observed  (besides  the 
dilatation  of  the  smaller  arteries  spoken  of  above)  a  peculiar  change  in 
the  capillaries.  They  become  dilated.  The  blood-current  becomes 
slower  in  them,  and  the  distribution  of  the  blood-corpuscles  loses  its 
axial  character.  The  red  corpuscles  come  closer  to  the  walls,  and  are, 
therefore,  diffused  through  the  whole  width  of  the  channel,  being 
mingled  in  one  mass,  with  the  white  corpuscles. 

The  circulation  becomes  slower  and  slower,  till  at  length  the  vessels 
appear  distended  by  a  mass  of  corpuscles,  with  little  intervening  fluid. 
Finally,  the  circulation  may  stop  altogether,  and  the  corpuscles  become 
so  closely  pressed  together  that  they  appear  to  lose  their  outlines,  and 
look  as  if  fused  together  in  one  homogeneous  mass. 

The  condition  is  most  marked  in  the  capillaries,  but  the  neighboring 
small  veins  are  also  affected  in  some  degree  in  the  same  way,  a  capil- 
lary area  forming  a  sort  of  centre,  round  which  the  change  is  diffused 
into  the  neighboring  venous  and  arterial  channels. 

If  the  irritation  be  not  too  prolonged,  the  stagnation  gives  place  to 
motion,  and  the  normal  circulation  is  reestablished.  If  stagnation  be 
too  prolonged,  the  only  result  can  be  local  death,  or  necrosis.  This 
condition  is  called  stasig.  It  has  been  regarded  as  a  necessary  part 
of  the  process  of  inflammation.    Nevertheless,  inflammation  may  occur 
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witlMtut  stasis,  ami  stasis  without  inllummation.  The  main  tlistinction, 
as  will  be  seen  aftcrwanl,  is  tliat  in  stasia  the  passage  of  hlood  through 
the  (ifFected  area  \»  hindered,  and  the  total  amount  lessenetl;  wbereiis 
in  inHiimmution  the  whole  amount  of  btood  passing  tlirougfi  the  part 
is  greutly  increased.  The  cau.'^c  of  this  change  naust  lie  in  the  capillu- 
ries,  since  the  condition  of  the  arferte.s  imd  veins  does  not  aecmmt  for 
it.  It  must  be  caused  by  ri  cliange  in  the  relations  between  the  blood 
nnd  the  capillaries.  Either  the  walls  of"  these  vessels  are  changed  in 
such  a  way  as  to  retaril  the  blood-current  by  producing  greater  fric- 
tion, or  the  blood  in  that  part  is  so  changcil  as  to  pa^ss  through  the 
vessels  with  greater  difficulty.  There  is  probably  some  change  in  the 
blood,  which  may  very  likely,  in  the  thin  tissues  of  the  frog,  suffer 
some  loss  of  Huid  by  evaporation;  but  the  more  probable  supposition 
is  that  the  chief  change  is  in  the  walls  of  the  eapilluries. 

There  can  be  no  floubt  that,  normally,  the  condition  of  the  vascular 
wall,  (.wpecinlly  in  the  capillaries,  exercises  an  important  intlucncc  in 
maintaining  the  ''  vital  equilibrium  "  between  the  blood  within  the 
ves.'^els  and  the  tis.iues  outside.  It  is  owing  to  this  that  the  normal 
interchange  of  fluids  takes  place  between  the  vessels  and  the  tissues, 
and  that  the  normal  flow  of  blood  is  maintuined,  in  wbich  the  cor- 
puscles move  along  in  the  middle  of  the  stream  without  touching  the 
walls,  leaving  the  clear  "plasmatic  layer"  around.  When  the  walla 
are  altered,  these  relations  are  disturbed,  with  what  results  has  been 
seen.  A  convincing  proof  that  the  cause  of  stasis  is  tn  the  vessels 
themselves,  is  furnishcil  by  the  experimental  result  that  when  a  neutral 
fluid,  as  milk,  is  circulating  in  ihc  vessels  of  a  frog,  instead  of  blood, 
stasis  may  be  determined  by  the  action  of  local  irritants,  and  the  milk 
then  stagnates  in  the  same  way  as  blood  in  the  parts  affected.  It  is, 
however,  quite  possible  that  the  capillary  circulation  is  influenced  hy 
the  condition  of  the  tissues  outside  even  more  than  by  the  condition 
of  the  capillary  wall  itself.  If  .so  there  would  be  an  indirect  action  of 
the  tissues,  through  the  capillary  wall,  on  the  passage  of  blood;  and 
if  the  tissues  were  injurcil,  retardatinti  would  result.  This  point, 
brought  out  by  the  researches  of  Lnnderer,  will  be  further  considered 
in  speaking  of  inHaiumation. 

The  experimental  stasis,  jls  above  described,  is  most  easily  produced 
in  frogs.  In  warm-blood  animals,  as  in  the  wing  of  the  bat,  it  is 
only  partially  and  with  difficulty  obtained. 

There  is  some  doubt  :is  to  what  pathological  conditions  in  the  human 
boily  correspond  to  the  stasis  pro.luced  by  experiment.  About  internal 
conditions  we  know  nothing,  but  tlie  stagnation  produced  in  the  skin 
by  cold,  and  .sometimes  arising  from  other  obscure  cause,*,  as  in  one 
form  of  erythema,  may  be  an  instance.  Blood  which  stJigiiates  in  the 
human  skin  must  bwome  venous,  and  hence  the  color  of  parts  in  the 
condition  of  stiisis  will  be  the  same  as  in  venous  congestion. 

Hence    the  condition    of  cyanosis    of   the   extremities,    or   "local 
asphyxia"  (of  Raynaud),  appears  to  be  a  condition  of  stasis,  th' 
caused  primarily  by  arterial  disturbance. 

It  is  probable  also  that  a  stagnation  of  this  kind  is  the  percui 
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ulceration  of  the  legs,  in  the  general  retardation  produced  bj  venous 
obstruction  or  dilatation  in  the  lower  extremities. 

The  relations  of  stasis  to  inflammation  will  be  spoken  of  afterward. 

Local  Aneemia. — This  occurs  whenever  the  blood-supply  to  an 
organ  or  part  is  cut  oif  by  obstruction  of  the  nutrient  artery,  from 
whatever  cause. 

Ischicmia  is  the  name  given  when  the  obstruction  to  blood-supply 
is  partial  only. 

If  an  artery  or  branch  be  obstructed,  there  will  necessarily  be  tem- 
porary aniemia  of  the  part  supplied ;  but  if  there  be  a  sufficient 
collateral  anastomosis,  the  blood-supply  will  be  restored,  as  we  see 
after  ligature  oven  of  the  main  artery  of  a  limb. 

Even  if  there  be  no  true  arterial  anastomoses  there  may  be  an 
oozing  backward  of  blood  from  the  capillaries  into  the  part  the  arterial 
supply  of  which  is  cut  off.  The  condition  produced  is  called  infarc- 
tion, and  will  be  described  under  the  head  of  Embolism.  It  is  not 
aniemia. 

But  if  there  is  -no  restoration  of  the  blood-supply,  the  part  will  re- 
main aniemic,  and  undergoes  local  death  or  necrosis.  If  the  part  be 
in  contact  with  the  air,  or  ia  any  other  way  exposed  to  septic  influ- 
ences, such  as  the  neighborhood  of  the  intestinal  canal  with  its  con- 
tents, gangrene  or  putrefactive  necrosis  is  set  up.  If  the  part  be 
secluded  from  the  air  it  undergoes  decay,  or  pale  necrosis  without 
putrefaction.  If  the  tissue  be  one  of  which  the  nutrition  is  very 
easily  disturbed,  such  as  the  brain,  there  is  rapid  softening^  the  sub- 
stance becoming  converted  into  a  pulp,  in  which  may  be  found  cells 
in  a  state  of  fatty  degeneration,  fatty  and  albuminous  granules,  blood- 
pigment,  and  other  products  of  disintegration. 

In  other  parts  a  slow  process  of  shrivelling  and  atrophy  may  be  set 
up.  Something  like  tliis  we  see  when  one  renal  artery  is  totally 
blocked.  The  kidney  is  changed  into  a  hard,  fibrous-looking  diminu- 
tive of  the  original  organ.  But  in  this  case,  and  probably  in  others 
of  arterial  obstruction,  there  must  be  some  other  source  whence  tlie 
ansemic  part  derives  a  scanty  but  constant  supply  of  blood.  In  the 
kidney  this  may  be  effected  through  the  capsule,  which  not  only  has 
sometimes  a  small  supply  from  the  suprarenal  artery,  but  has  capillary 
anastomoses,  which  may  become  enlarged,  with  the  peritoneal  vessels, 
and  thus  with  the  portal  system.  Such  connections  may  sometimes 
l:)e  seen  very  prominently  in  cases  of  obstruction  of  the  portal  veins 
by  cirrhosis  of  the  liver. 

True  complete  anaemia  of  a  part  is  ^lot  a  very  common  occurrence. 
It  may  be  caused  by 

(1 )  Arterial  thrombosis  or  embolism,  which  will  be  spoken  of  later. 

(2)  Arterial  obstruction  through  inflammation  of  the  inner  coat. 
Tills  condition,  or  endarteritis  obliterans,  is  mostly,  if  not  always,  a 
consequence  of  syphilis. 

(3)  Arterial  spasm.  This  has  been  thought  to  be  the  cause  of 
epilepsy,  of  hysterical  amaurosis  and  of  neuralgia,  through  affe(^oii 
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of  the  cerebral,  retinal,  and  other  arteries  respectively  ;  but  the  proof 
is  not  complete. 

One  form  of  spasroodtc  aniemia,  kiioivn  as  Hajiiaud's  diseiwe,  is 
well  seen  iu  external  parts.  Tlie  usual  ptienouieua  are  as  follows: 
Portions  of  the  extremities,  hands,  or  feet,  sometimes  the  tips  of  the 
ears,  become  suddenly  and  perfectly  bloodless,  and  this  condition  lasts 
for  some  minutes,  hours,  or  even  days.  Tlie  change  is  generally 
symmetrical  on  the  two  sides  of  the  body.  The  affected  part  is  pale, 
cold,  and  pulseless.  In  siighl  cases  the  skin  and  superficial  parts  only 
are  affected ;  in  more  severe  cases  the  whole  thickness  of  fingers,  toes, 
or  limbs. 

If  this  condition  should  last  long  enough,  gangrene  results  ;  but 
generally  the  anemia  pa.ssf.s  away  slowly  or  suddenly. 

As  it  goes  away  the  parts  hccouie  blue  or  cyanotic,  though  still 
cold,  and  thus  ju'esent  tlie  appearance  of  venous  hypersemia  or  local 
asphyxia,  muntioncd  above. 

Beit  there  is  this  capital  distinction,  that  in  the  condition  now 
spoken  of  there  is  less  than  the  normal  amount  of  blood,  not  more,  in 
the  ])art.  The  cyanotic  color  then  will  be  due  merely  to  slow  ])assage 
of  blood  rhrou;^li  llie  capillaries  ^'i  slow  that  the  blood  loses  oxygen, 
absorbs  carbonic  acid  and  becomes  venous  in  ehsiractei',  not  being  re- 
placed with  sulTicient  rapidity  by  arterial  blood.  The  condition,  then, 
even  in  the  cyanotic  stage,  is  one  of  partial  anaemia. 

The  sudden  onset  and  sud<len  passing  away  of  this  form  of  antemia 
make  it  pretty  certain  tlnit  it  must  be  due  to  spasm  of  the  annular 
muscles  of  the  arteries.  The  origin  of  this  spasm  would,  from  the 
symmetrical  chaniclcr  of  the  afTcction,  appear  to  be  in  the  central 
nervous  system,  but  what  change  in  that  part  sets  it  up  is  still  oi(Scure. 

Similar  ansemia  from  spasm  has  been  produce<l  experimentally  by 
direct  electric  stimulation  of  the  vessels,  or  by  stimulation  of  the 
sympathetic  nerve-fibres  distributed  to  them. 

Another  form  of  local  spasmodic  anwmia  ending  iti  gangrene  is 
seen  in  ergoti-^m,  the  disease  cau.^ed  by  eating  rye  aftected  with  the 
orgot-t'\infru» (Clnvicepg  pitrpuna).  This  occui-s  epidemically  in  coun- 
tries where  rye-bread  is  used  for  food,  and  was  at  one  time  not 
unknown  here. 

(4)  That  pressure  from  without  upon  an  artery  may  cause  obstruc- 
tion is  sufliciently  ob\  ious ;  but  it  is  not  a  common  cause,  arteries 
having  much  greater  ])ower  of  resistance  to  pressure  than  veins. 

IschsEmia,  or  partial  anaemia,  occurs  sis  a  consecjuence  of  partial 
arterial  obstruction  from  thickening  or  inflammation  of  arteries,  espe- 
cially in  atheroma  and  endarteritis  obliterans. 

As  such  a  change  must  be  gradual,  its  symptoms  will  not  be  very 
marked,  but  it  is  undoubtedly  a  cause  of  atrophy,  especially  of  senile 
atrophy  as  alTecting  various  tissues.  It  wilt  be  further  nolice<l  un<ler 
that  heiid. 

Obstniction,  not  quite  complete,  of  the  main  artery  of  a  limb,  may, 
118  we  have  seen,  produce  stagnation  of  the  circulation  without  the 
appearances  generally  considerexl  as   intlicating   privation   of  blood. 
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There  is  some  reason  to  think  that  the  affections  of  the  lower  leg, 
chronic  eczema  and  ulcer,  usually  produced  by  venous  congestion,  may 
also  be  in  some  cases  due  to  arterial  obstruction.  I  have  seen  some 
cases  suggesting  this,  where  there  was  great  obstruction  of  the  external 
iliac  artery  by  atheroma. 

Signs  of  HypersBmia  and  Aneemia  after  Death. — The  characters 
of  general  anaemia  and  hyperjemia  have  already  been  spoken  of.  The 
recognition  after  death  of  local  disturbances  of  circulation,  or  anomalies 
in  distribution  of  blood,  presents  some  difficulties,  and  is  best  con- 
sidered with  reference  to  the  different  classes  of  vessels. 

Arteries  are  generally  empty  after  death,  unless,  from  a  diseased 
condition  of  their  walls,  they  are  unable  to  contract.  Hence,  simple 
arterial  hyperaemia  leaves,  as  a  rule,  no  traces  after  death.  The  same 
is  true  of  slight  degrees  of  inflammation ;  for  instance,  in  cases  of  acute 
bronchitis,  where  there  are  unmistakable  signs  of  acute  inflammation 
during  life,  the  mucous  membrane  will  sometimes,  after  death,  be  found 
normal,  as  regards  the  amount  of  blood  contained  in  it. 

The  larger  veins,  on  the  other  hand,  are  always  found  more  or  less 
full  after  death.  The  amount  of  fulness  depends  chiefly  upon  the  mode 
of  death.  In  death  from  asphyxia,  which  is  the  commonest  form,  the 
right  side  of  the  heart  and  the  veins  are  always  engorged  with  blood. 
In  death  from  syncope  or  diastolic  arrest  of  the  heart,  the  blood  is 
more  uniformly  divided  between  the  two  sides  of  the  heart,  and  some 
clots  may  be  found  in  the  aorta,  though  the  smaller  arteries  are  empty, 
unless  diseased,  while  the  veins  are  full,  but  less  strikingly  so  than  in 
the  asphyxial  mode  of  death. 

The  most  important  post-mortem  evidences  of  hypersemia  is  obtained 
fi'om  the  condition  of  the  smaller  veins,  smaller  arteries  and  capillaries. 
Visibly  injected  vessels  must  be  veins  or  arteries ;  it  is  not  always  easy 
to  say  which  ;  but  their  nature,  if  not  obvious  to  the  naked  eye,  may 
be  determined  by  their  anatomical  distribution,  or  (as  pointed  out  by 
Virchow)  by  tracing  their  connections. 

True  capillary  vessels,  it  should  be  remembered,  are  not  distinguish- 
able by  the  naked  eye,  but  if  overfull,  impart  a  general  red  color  to 
the  part. 

Whether  this  diffuse  redness  is  due  to  arterial  or  venous  hypera?mia 
cannot  be  determined  by  the  color  alon^.  All  blood  in  the  dead  bo<ly, 
if  secluded  from  the  air,  has  a  dull  red,  more  or  less  venous  tint.  When 
exposed  to  the  air,  if  the  luemoglobin  be  not  too  much  decomposed,  it 
will  assume  a  bright  arterial  color. 

This  change  may  often  be  seen  taking  place  while  the  autopsy  is  in 
progress  ;  as,  for  instance,  on  the  exposed  surfaces  of  coils  of  intestine, 
or  in  the  pia  mater,  or  in  the  lungs  when  the  cavities  are  opened  or 
the  organs  removed  from  the  body.  This  change  of  color  is  especially 
noticeable  in  the  lungs  of  children. 

In  some  cases  of  disease  the  blood  is  said  to  lose  the  power  of  ab- 
sorbing oxygen  after  deatii. 

To  recapitulate  the  heads  of  this  most  important  topic,  general 
fulness  of  the  smaller  vessels  of  a  part,  with  diffuse  redness,  constitutes 
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con<restion  or  hyperjemia.  It  can  only  be  cletennincd  to  be  morbid 
by  reference  to  a  standanl — i.  c,  by  comparison  with  the  same  organ 
free  from  disease,  and  examined  under  similar  circumstances.  Whether 
the  congestion  is  arterial  or  venous  is  to  be  determined  not  by  the 
color,  but  by  the  respective  fulness  of  the  .smaller  veins  anil  sniallei' 
arteries.  Fulness  of  the  arteries,  if  certainly  eslahlished,  is  always  a 
sign  of  disease,  and,  generally  speaking,  of  inflammation  of  the  part. 

Certain  fallacies  which  beset  the  post-mortem  determination  of 
hyperaeiata  may  be  briefly  noted. 

Post- mortem  staining  of  the  tissues  by  the  eoloring  matter  of  the 
blood  produces  an  appearance  often  mistaken  for  inflammation  or  con- 
gestion. 

The  blood  in  a  normal  state,  soon  after  death,  dties  not  stain  the 
tissues  or  even  the  vessels  in  which  it  is  contained  ;  but  wlien  decom- 
position sets  in,  the  blood-pigment  diffuses  into  the  serum,  and  stjvins 
the  walls  of  the  vessels  and  afterward  other  parts.  In  certain  disejises, 
especially  severe  fevers — typhus,  tyi>hoid,  di])btheria,  etc. — the  de- 
compositiou  of  the  blood  is  unusually  rapid,  and,  hence,  staining  of 
the  bloodvessels  and  organs  is  to  a  certain  extent  a  post-mortem  sign 
of  such  diseases.  It  also  occurs  after  death  from  chlorofomi  or  ether 
or  carbonic  oxide  poisoning,  and,  probably,  in  some  other  kinds  of 
poisoning. 

This  condition,  tlie  so-called  "dissolved  state  of  the  bloo<l,"  may 
occur  during  life,  hut  is  an  extremely  rare  occurrence.  It  is  evj- 
(lenced,  fur  instance,  hy  the  passage  of  Ineraoglobin,  without  corpuscles, 
into  the  urine,  or  luemctjlobinuria. 

Staining  of  the  inner  surface  of  the  aorta  or  large  arteries  from  this 
cause  has  sometimes  been  mistaken  for  inflammation  or  artfritts. 

A  peculiar  form  of  post-mortem  imbibition  is  often  seen  in  the 
stomach,  when,  by  the  action  of  the  gastric  juice  on  the  blood  con- 
tained in  the  vessels,  the  appearance  of  excessive  vascular  injection, 
or  a  diffuse  staining,  is  produced.  Hence,  the  determination  of  true 
congestion  or  inflammation  of  the  stomach,  so  important  in  cases  of 
poisoning,  is  a  matter  which  requiras  esjiecial  care. 

Certain  poison.s,  as  arsenic,  impart  a  particularly  brilliant  color  to 
the  blood  with  which  they  are  in  contact,  whether  the  blood  be  actually 
present  in  exces.s  or  not. 

A  very  intense  red  color  of  any  organ  after  death  always  raises  the 
suspicion  of  its  being  dtie  to  minute  Fiemorrhages,  which  are  often  seen 
in  the  membranes  of  the  brain,  and  in  liigldy  congested  kidneys.  This 
point  can  hardly  be  cleared  up  without  micro.«copic  examination. 

The  determination  after  death  of  a  condition  of  chronic  venous  con- 
gestion usually  presents  no  diflicutty,  if,  in  addition  to  vitscular  fulness, 
we  have  the  characters  already  pointed  out  as  being  the  consequences 
of  venous  hyperiemia. 

Bistrihation  of  the  Blood  in  the  Body  after  Death. — It  should  be 
remembered  that,  in  making  post-mortem  examinations,  the  amount 
of  blood  apparently  contained  in  different  parts  is  aftected  by  the 
order  in  which  the  different  cavities  of  the  body  are  opened.     If  the 
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head  is  opened  before  the  thorax,  it  will  appear  fuller  of  blood  than 
when  it  is  opened  after  the  great  vessels  of  the  thorax  have  been 
divided. 

The  vascular  fulness  of  the  abdominal  organs,  especially  the  intes- 
tines, is  best  judged  of  when  they  are  examined  without  being  dis- 
turbed, and  before  the  thorax  is  opened. 

Blood  in  the  body  after  death  obeys,  to  a  certain  extent,  the  law  of 
gravitation  ;  and  this  is  especially  the  case  if  it  long  retains  its  fluidity. 
Hence,  it  collects  in  the  lowest  parts,  as  the  body  lies ;  and  this  being 
usually  in  the  supine  position,  the  back,  the  spinal  cord  and  its  mem- 
branes, the  posterior  part  of  the  brain,  the  posterior  bases  of  the  lungs, 
etc.,  will  always  appear  very  full  of  blood. 

This  condition  is  called  hypostasis  (t.  e.,  settling  down)  or,  less 
properly,  hypostatic  (t.  «.,  sedimentary)  congestion,  and  must  be  care- 
fully taken  into  account  in  determining  the  congested  state  of  organs. 

A  true  hypostatic  congestion  may  occur  before  death,  in  feeble 
states  of  the  circulation,  as  in  adynamic  fevers  (e.  ^.,  typhoid),  or  in 
chronic  diseases  where  patients  have  been  long  in  bea.  It  is  espe- 
cially seen  in  the  posterior  parts  and  bases  of  the  lungs,  wliich  are 
much  engorged. 

The  distinction  of  hypostatic  congestion,  seen  after  death,  from 
post-mortem  hypostasis,  requires  care. 


CHAPTER    V. 


g-:dema  and  dropsy. 

The  word  ivdema  rneruis  swelling,  Ijut  is  speciiilly  used  for  swelling 
<if  connective  tissue  by  the  aceumulutiori  iu  it  of  an  excessive  quantity 
of  seruus  (albiuiiinous)  fluid. 

Dropsy  (or  Hydrops)  means  an  aceumulation  of  such  Huid  in  those 
parts,  as  well  as  in  the  serous  sacs  and  cavities  of  the  body.  In 
(lorman  (and  smne  English)  win-ks  tlie  word  hydrojis  is  used  only  with 
reference  to  these  cavities;  hut  usually,  iu  this  country,  it  is  employed 
in  the  more  general  sense  '/wan  :diove. 

Amtsari'a  is  used  for  ttdenm  of  the  skin  and  subcutaneous  tissue, 
iu  which  the  surface  when  indt'Uted,  as  by  the  finder,  shows  a  pernia- 
neut  depression,  through  having  lost  its  e]tu>tioity — i.e.,  **pits  on 
pre.ssure." 

Accumulations  of  fluid  in  the  different  cavities  receive  difi'erejit 
names,  as  Aacites  for  drojisy  of  the  peritoneum  ;  Jft/drof/ioriix,  of  the 
pleura;  Ifi/droi-eli\  of  the  tunica  vaginalis;  HydrorephnJux.  of  the 
ventricles  of  the  brain;   Hi/dropericardium,  wliich  exphiins  itself, 

tieneral  (Jropsy  is  when  the  condition  affects  the  whole  body,  or  a 
lartie  part  of  it. 

The  connective-tis.sue  spaces  and  serous  cavities  normally  contain  a 
certain  amount  of  fluid,  wliich  passes  into  them  by  transudation  from 
the  blood-capilhiries,  and  is  removed  by  the  lyrapliatie  vessels  and 
veins.  The  amount  is  regulated  fiy  a  balance  between  what  is  thus 
sent  into  them  anii  thus  retnoved.  Dropsy  consists  in  a  disturbance  of 
the  balance ;  the  normiil  amount  Iteing  increased  either  by  (n)  increased 
transudation  from  the  bloi>d,  (U*  (^  impeded  removal  of  tJuiil, 

a.  Increased  TransEdation. — This  may  depend  upon  (1)  hypera'mitt 
causing  increase  of  blood-pressure;  (2)  a  condition  of  the  blood  which 
makes  this  transudati>tn  easier;  (3)  a  change  in  the  capillary  wall 
which  renders  it  more  permeable  to  the  transudation. 

(1)  Arterial  hypera^nia,  though  it  increases  the  capillary  blood- 
pressure,  does  not  of  itself  cause  increased  transudation,  or,  if  any, 
not  more  than  the  absorbents  can  easily  carry  away.  It  is,  therefore, 
not  a  cause  of  dropsy. 

Venous  hypeneniia,  on  the  other  band,  regularly  causes  increased 
transudation,  shown  by  the  increased  flow  of  lymph,  and,  if  it  reachea 
a  certain  point,  must  produce  dropsy.  The  conditions  which  give  rise 
to  this  have  been  already  explained  in  speaking  of  venous  hyperieniia 
(p.  24).  It  is  clear,  then,  that  it  is  not  rise  of  blood-pressure  alone, 
but  the  chaJiges  which  follow  venous  obstniction,  that  are  the  cause  of 
dropsy. 
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In  animals,  tying  the  chief  vein  of  a  limb  does  not  produce  dropsy 
of  the  limb,  but  will  do  so  if  there  is  some  concurrent  cause ;  e.  g.^  if 
the  whole  limb  be  enclosed  in  the  ligature  so  as  to  stop  the  lymphatic 
circulation  simultaneously  with  the  venous ;  or  if  the  chief  nerve  of 
the  limb  be  divided. 

The  most  marked  form  of  dropsy  is  produced  when  the  veins  are 
obstructed,  and  at  the  same  time  arterial  hyperaemia  is  produced  by 
vasomotor  paralysis.  This  condition  has  been  produced  experimentally 
by  tying  the  vena  cava  of  a  dog,  and  at  the  same  time  dividing  the 
sciatic  nerve  of  one  limb.  Ranvier  found  that  under  these  circum- 
stances oedema  occurred  only  in  that  limb  of  which  the  sciatic  nerve 
was  divided ;  though  both  limbs  were  in  the  condition  of  venous  hyper- 
aemia.  But  in  man  it  is  often  seen  that  obstruction  of  the  chief  vein 
of  a  limb,  by  thrombosis  or  coagulation,  rapidly  produces  oedema, 
without  the  concurrence  of  any  arterial  hyperaemia. 

(2)  The  condition  of  the  blood  which  predisposes  to  increased 
transudation  is  an  excess  of  water,  either  absolute  as  hydraemic  ple- 
thora, or  relative,  as  hydraemia  (see  Chapter  II.). 

The  former  condition  is  that  wnich  occurs  in  affections  of  the  kidney, 
when  the  excretion  of  water  is  diminished,  and  hence  it  accumulates 
in  the  blood. 

There  is  no  doubt  that  weak  albuminous  solutions  diffuse  through 
dead  animal  membranes  more  rapidly  than  strong  solutions,  and  in 
proportion  to  their  lesser  specific  gravity.  Hence  it  has  been  con- 
cluded that  the  same  would  be  the  case  with  the  walls  of  capillaries, 
and  that  a  watery  condition  of  the  blood  must  cause  rapid  transudation. 

This  explanation  of  the  dropsy  caused  by  kidney  diseases  has  been 
generally  received;  but  lately  doubt  has  been  thrown  on  it  by  the 
experiments  of  Cohnheim  and  Lichtheim,  who  found  that  production 
of  artificial  hydraemia  by  injection  of  immense  quantities  of  water  or 
neutral  solutions  into  the  vessels  of  dogs  or  other  animals,  did  not 
produce  dropsy  of  the  limbs  or  the  skin.  The  excess  of  water  was 
excreted  by  the  kidneys,  intestines,  salivary  glands,  liver,  and  pancreas ; 
and,  along  with  increased  discharge  from  these  organs,  was  a  marked 
oedema  of  all  of  them,  as  well  as  of  the  abdominal  organs  generally, 
including  the  peritoneum.  Corresponding  with  this  condition  was  an 
enormous  increase  of  the  flow  of  lymph  tlirough  the  thoracic  duct. 

On  the  other  hand,  there  was  no  increase  in  the  flow  of  lymph  from 
the  lymphatic  vessels  of  the  limbs.  The  lungs  were  rarely  affected, 
but  in  some  cases  became  oedematous.  It  is  concluded  from  these 
experiments  that  hydrsemic  plethora  by  itself,  without  some  other 
morbid  change,  does  not  produce  increased  transudation  from  the 
vessels.  That  is,  the  capillary  wall,  if  healthy,  does  not  behave  like 
a  dead  membrane,  like  a  simple  mechanical  filter. 

Varying  the  experiment  so  as  to  produce  dilution  of  the  blood 
without  increase  of  its  quantity — i.  c,  simple  hydraemia  or  hypalbumi- 
nosis,  there  was  no  increased  excretion  of  water  from  the  above-men- 
tioned organs,  and  equal  absence  of  increased  transudation  from  any 
part  of  the  vascular  system. 
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rf,  however,  venuus  hyperiseiniii  of  any  part  i.s  protluceil  in  an  sinimiil^ 
Vriiich  has  been  brought  into  the  condition  of  iiyilrtemic  plethora,  as, 
for  instance,  by  tying  the  femoral  vein,  the  leg  thus  affected  becomes 
dropsical. 

This  result  does  not  follow  in  the  condition  of  pure  hydmeraia  unless 
the  condition  has  existed  some  days  ;  but  then  dropsy  of  n  linib  follows 
ligature  of  the  vein  as  in  the  other  ciwe. 

The  conclusion,  then,  it*,  that  while  a  watery  stnte  of  the  Wnod  <loes 
not  of  itself  produce  dropsy,  it  acts  as  a  powerful  cuueurrent  cause 
when  another  condition — namely,  venous  liyjjerEcmisi — comes  into  pluy. 

(3)  Chanffea  in  the  Vagfular  Wall. — It  is  maintained  by  the  school 
<if  Cnhnhi'ini  that  a  ciiange  in  the  capillary  wali,  making  it  more  per- 
meable to  fluids,  is  the  most  important  factor  in  the  production  of 
dropsies. 

Thus,  wlien  a  hydrieuiic  condition  is  kept  u[)  for  .some  days,  it  is 
argued  the  oapillary  wall  is  badly  nourished,  and  pjissing  more  into 
the  Condition  of  a  dead  membrane,  permits  increased  transudation. 

Also  a  very  sJighf  degree  of  inllainmation — tliut  i,«.  injury  of  the 
minute  ^'essels — produces  local  drup>'y  when  the  condition  lA'  the  blood 
is  such  as  to  favor  it. 

The  same  condition  is  produced,  as  will  be  shown  presently,  in  many 
of  the  diseases  of  which  drojisy  is  a  feature ;  such  as  general  cachexia 
and  anaemia,  chronic  heart  disease,  and  more  especially  kirlncy  dis- 
eases, in  which  there  is  great  loss  of  albumen  by  the  urine.  It  has 
often  been  observed  that,  in  famines,  those  suffering  from  starvation 
are  liable  to  dropsy. 

h.  Impeded  Removal  of  Fluid. — Dropsy  from  inaderpinte  removal 
of  fluid,  or  obstructive  dropsy,  may  be  caused  by  obstruction  of  the 
lymphatics  or  of  the  veins. 

Ohntnicfion  of  the  lytiiphatics  is  not  fonnd  to  be  a  powerful  cause 
of  dropsy.  If  tlie  lymphatic  vessels  of  a  limb  be  tied  as  completely 
as  possible,  no  <edema  is,  generally,  produced.  TIuh  negative  result  is 
probably  due /r»C  to  the  fact  that  it  is  impossible  quite  to  stop  the 
lym(>hatic  circulation,  owing  to  the  numbor  of  anastomoses  of  the 
lymphatic  vessels,  and  also  that  new  channels  are  rapidly  developed  ; 
secondly^  to  the  power  winch  the  vein  possesses  of  absorbing  fluid 
from  the  tissues  and  thus  taking  up  the  deficient  function  of  the 
absorbents. 

Even  stoppage  or  ligature  of  the  thoracic  duct,  causing  engorgement 
of  the  whole  lymphatic  system,  does  not  regularly  produce  dropsy, 
though  it  has  done  so  in  some  instances. 

Ohitruction  of  the  veins,  on  the  other  hand,  is  the  most  important 
of  the  mechanical  causes  of  dropsy. 

Complete  stoppage  of  the  venous  circulation  in  a  limb  constantly 
leads  to  oedema  in  the  human  subject ;  but  in  experiments  on  animals 
— e.g.f  tying  the  femoral  vein  of  a  dog — this  result  does  not  generally 
follow,  though  it  will  do  so  if  some  of  the  causes  above-mentioned  coop- 
erate. 
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The  difference  probably  depemJs  on  tlie  more  perfectly  healthv 
condition  of  the  vessels  and  tissues  in  the  animals  operated  upon.  It 
is  a  matter  of  degree,  for,  even  in  mnii,  oedema  dependent  on  venous 
obstruction  may  be  removed  by  slight  causes,  as,  for  instance,  by 
keeping  ttie  affected  limb  elevated  or  horizontal  instead  of  pendent- 

The  reasons  why  venous  obstruction  causes  increased  transudation 
are  sufficiently  obvious  from  the  cnnsiderution  of  the  conditions  of 
venous  hypenemia  already  point<d  out  (p.  i!4).  But  in  addition  we 
have  the  important  fact  that  the  veins  can  no  longer  act  as  absorbents, 
and  thus  the  lymphatics  are  inadetjuate  to  carry  off  the  excess  of  tran- 
suded fluid  ;  so  that  the  action  of  venous  obstruction  is  twofold. 


Fiu.  2. 


<^-. 


Lyiii]iliiili(.-s  ill  tixleiiia  ol  the  Mn  (Curmi.  hiiiI  H.txviicti). 

/I,  cjivity  (iT  tilt'  vcfwl :  ft,  ili«  eiulotlielitiiii ;  r,  foiineclivo'l issue  C4'11k;  d.  fibrous 

bundles  of  cunnoctive  tissuu,  atnoiig  which  in  Koiiie  plmiUf  tissue. 

There  is  evidence  that  in  dropsy  there  la  a  greatly  increased  outflow 
of  lymph,  through  the  lymphatic  vessels.  They  are  found  (as  in  Fig. 
2)  greatly  dilated,  so  that  small,  Iianlly  perceptible  interfiwcicular 
spaces  in  the  connective  tissue  become  dilated  into  considerable  vessels. 
It  is  by  this  means  doubtless  that  oedema  of  a  limb,  or  other  parts, 
is  kept  stationary  instead  of  increasing  indefinitely,  and  by  these  chan- 
nels probably  that  dropsical  effusions  are  chiefly  absorbed  or  removed- 
Composition  of  Bropsical  Effusions.— The  fluids  poured  out  in 
dropsy  conttin  albumin,  but  less  of  it  than  does  the  plasma  of  the 
blood  {fif/uor  tum/uinin),  and  less  than  the  exudations  of  inflammation. 
More  rarely  small  quantities  of  fibrin  are  present,  but  the  liquid 
usually  coagulates  on  the  addition  of  a  fibrin-ferment. 
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The  following  table  (chiefly  from  Hoppe-Seyler)  gives  the  results  of 
some  analyses  of  serous  rtuids. 
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In  general,  serous  effusions  in  the  pleura  are  the  richest  iu  albumin, 
peritoneal  effusions  less  so,  and  those  of  anasarca  or  subcuhineous 
fedenia  the  most  watery.  C  Schmidt  examined,  in  a  case  of  reiial 
dropsy,  the  fluids  removed  after  death  fmtn  the  pleura,  the  peritoneum, 
the  sxibiirachiioid  space,  and  (.edematous  connective  tissue;  finding  the 
proportion  nf  water  to  be  1)04,  1*7!lJ,  9S4,  t'89  in  a  thousand  respectively. 

Clinical  Forms  of  Dropsy. — Dropsy,  as  met  with  clinically,  is  caused 
chiefly  by  cither  (1)  obstructed  circidatifuj;  (2)  cachexia  ;  (3)  kidney 
disease.  Rarely  it  afipears  to  he  due  to  (4)  nerve-derangements,  or 
neurotic  dropsy.  Besides  these  we  have  to  distinguish  inflammatory 
oedema,  sometimes  called  inHammatory  dropsy. 

(1)  Dropsy  from  obstructed  circulation  may  be  local,  from  obstruc- 
tions in  vcin.s,  or  t/eneral,  from  some  impediment  to  the  action  of  the 
heart.  When  the  heart's  action  is  interfered  with  either  by  disease 
of  the  valves,  especially  of  the  right  side,  or,  what  is  more  common, 
when  the  right  side  is  secondarily  affected  by  disea.'^e  of  the  left  side, 
or  when  its  action  is  obstructed  by  sotne  affection  of  the  lungs,  or 
when  its  substance  is  weakened  by  fatty  or  otlier  degeneration,  the 
whole  venous  circulation  is  retarded  an<l  dropsy  is  liable  to  occur. 
Nevertheless  it  is  only  produced  when  the  heart-di.seajse  is  of  long 
standing,  an<l  hence  degeneration  of  tissues,  leading  to  changes  in  the 
vascular  wall,  and  deterioration  of  the  blood,  are  poM'erful  concurrent 
factors.  Emphysema  of  the  lungs,  and  chronic  brochitis,  by  retarding 
the  circulation,  act  in  tho  same  way. 

Cardiac  dropsy  is  distinguished  by  affecting  especially  the  lower 
limbs  and  other  dependent  parts  of  the  body,  the  serous  cavities,  and 
the  lungs  (tedema).  The  face  is  rarely,  if  ever,  affected.  However, 
iu  a  late  stage,  the  droj>sy  may  be  very  nearly  universal. 

Local  dropsy  of  the  peritoneum,  from  obstruction  of  the  portal  vein, 
constitutes  ascites. 

(2)  Cachectic  dropsy  is  seen  in  anaemia,  chlorosis,  malarial  cachexia, 
scurvy,  etc.  It  may  also  result  from  long-continue<]  slow  starvation, 
as  in  famines.  It  affects  chieHy  tliose  parts  where  the  action  is  aided 
by  gravitation,  us  the  lower  limbs,  but  may  be  very  general. 

It  must  be  admitted  that  the  explanation  of  some  forms  of  dropsy 
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is  veiT  difficult ;  though  thej  maj  be  proyiaitmallj  placed  under  this 
head. 

(3)  Dropsy  from  kidney  di»ea*e,  or  renal  dropty^  is  seen  more 
especially  in  those  forms  of  Bright's  disease  where  the  amoitnt  of  urine 
is  diminished  and  there  is  a  great  loss  of  albumen.  It  comes  on  very 
rapidly  in  acute  inflammation  of  the  kidney.  But  in  those  cases 
where  little  albumen  is  lost,  and  the  amount  of  urine  is  not  diminished 
(contracting  granular  kidney),  it  is  an  infrequent,  or  at  least  &  late 
symptom. 

The  chief  factor  in  renal  dropsy  is  probably  the  deterioration  of 
blood  by  loss  of  albumen,  which  lowers  its  specific  gravity.  This  &vor8 
transudation,  either  directly  or  secondarily  by  causing  degeneration  of 
the  vascular  wall.  It  is  doubtful,  as  we  have  seen,  whether  retention 
of  water  in  the  blood  is  a  direct  cause  of  dropsy,  but  there  can  be 
no  doubt  this  has  great  eifect  when  the  condition  of  dropsy  is  once 
established.  It  is  a  definite  clinical  fact  that  in  kidney  disease  in- 
creased excretion  of  water,  or  diuretu^  diminishes  dropsy,  while  dimin- 
ished excretion,  or  anuria,  increases  it. 

For  instance,  in  healthy  persons  the  amount  of  water  passed  by  the 
kidneys  is  about  three-quarters  of  that  taken  in.  In  a  case  of  kidney 
disease  (parenchymatous  nephritis)  with  dropsy  it  may  be  only  one- 
half,  or  a  quarter,  or  even  less ;  and  diminishes  as  the  dropsy  increases. 
But  when  the  dropsy  passes  away,  the  excreted  water  may  be  equal 
to,  or  even  slightly  more  than  that  taken  in.  When  the  dropsy  is 
stationary,  not  increasing  or  diminishing,  the  excreted  water  may  be 
two-thirds  of  that  ingested.  All  these  variations  have  been  observed 
in  a  single  case  (Bartels). 

It  follows  that,  although  diminished  excretion  of  water  may  not  be 
the  original  cause  of  renal  dropsy,  it  is  a  most  powerful  concurrent 
factor,  and  the  chief  factor  in  causing  its  variations. 

The  clinical  type  of  renal  dropsy  is  very  different  from  cardiac.  It 
affects,  first  of  all,  those  parts  where  the  connective  tissue  is  lax  and 
cjusily  distended — e.  //.,  the  eyelids,  the  prepuce,  the  scrotum — and 
may  sometimes  be  seen  in  the  conjunctiva  of  the  eye  when  it  is  present 
nowhere  else.  It  is  of  course  Jissisted  by  the  action  of  gravity,  and 
hence  often  apjiears  in  the  lower  limbs.  Later  on  it  affects  the  subcu- 
taneous tissue,  the  serous  sacs,  the  lungs,  the  brain,  etc. ;  in  acute  or 
extreme  oases,  the  coniu'ctive  tissue  generally,  external  and  internal. 

(4)  Dropny  of  nervou»  ori<fin. — It  has  been  thought  by  some  that 
norvoua  iiiflueiu'c  has  a  liirg«»  share  in  jinxlucing  <ic(lema  or  dropsy. 
When  it  does  so  it  is  j)rol)al)ly  by  jmralyzing  the  vasomotor  nerves,  and 
causing  liypemMuia.  which,  in  combination  with  some  other  obscure 
iacti)r,  leads  to  effusion. 

In  jMinilysis,  ti'dema  of  the  affwted  limbs  stjuietimes,  though  rarely, 
occurs.  It  is  most  often  seen  in  iiitiintile  paralysis  (or  anterior  polio- 
myelitis), where  there  are  nuu'k<<(l  changes  in  the  nutrition  of  the 
parts,  in  addition  to  impairment  of  molituj  or  sensation. 

In  affections  of  the  trigeminus  ^fiOh)  nerve.  «iMlema  of  a  part  of  the 
lace  is  somotimes  observwi. 
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When  any  other  cause  leads  to  general  dropsy,  it  is  probable  that  a 
disturbunce  of  innervation  determines  its  incidence  on  any  particular 
part. 

Inflammatory  (Edema  or  Dropsy  is  generally  distinguishable  from 
true  dropsy.  It  occurs  in  distensible  connective  tissue,  which  is  either 
the  seat  of  a  slight  inflammation  or  in  the  neighborhood  of  an  infiamed 
part.  For  instance,  a  small  abscess  at  the  root  of  a  tooth  may  cause 
diffuse  oedema  of  a  large  part  of  the  face.  A  similar  condition  occurs 
in  serous  sacs,  where  the  distinction  is  more  difficult. 

Hydrocele  may  be  regarded  as  on  the  border-line  between  the  two 
conditions,  but  on  the  whole  appears  to  be  an  inflammation  of  the 
tunica  vaginalis. 

The  essential  distinction  is  that  the  exudation  in  inflammatory 
oedema  or  serous  inflammations  contains  more  albumen  than  in  true 
dropsy,  and  is  more  often  coagulable,  from  containing  the  elements  of 
fibrin. 

Cohnheim,  however,  applies  the  name  of  inflammatory  oedema  to 
certain  forms — e.  </.,  the  dropsy  following  scarlatina — which  are  gen- 
erally considered  as  passive  or  non-inflammatory. 


CHAPTER  YI. 

HEMORRHAGE. 

By  this  term  is  meant  the  passage  of  blood  with  all  its  constituents 
out  of  the  vessels.  Transudation  of  plasma  or  serum  alone,  or  of 
hemoglobin  if  dissolved,  or  of  leucocytes  with  fluid  constituents,  is  not 
enough. 

Hemorrhage  may  be  arterial,  venous,  or  capillary,  according  as  one 
of  the  three  classes  of  vessels  is  its  seat. 

It  may  occur  by  soaking  or  creeping  of  the  elements  through  the 
walls,  called  Diapedesis,  or  by  rupture  of  the  walls,  which  may  be 
called  Khexis.  The  former  occurs  in  capillaries  and  smaller  veins 
only,  the  latter  in  all  classes  of  vessels.  Hemorrhage  from  all  vessels 
of  a  particular  area  at  once  constitutes  parenchymatous  hemorrhage. 

Hemorrhage  by  Diapedesis. — This  is,  as  has  been  seen,  a  regular 
consequence  of  venous  engorgement,  if  sufficiently  intense.  It  is  also 
seen  in  stasis,  and  often  in  inflammation. 

In  these  cases  it  may,  in  transparent  parts,  be  watched  under  the 
microscope. 

The  question  how  the  corpuscles  find  their  way  through  the 
unbroken  vascular  wall  is  a  diflicult  one.  It  has  been  supposed  that 
the  capillaries  (more  especially)  possess  normally  small  openings, 
stomata,  in  their  walls,  through  which  the  corpuscles  pass.  This  view 
is,  however,  now  generally  abandoned ;  and  it  is  thought  that  there 
can  be  only  at  most  some  separation  of  the  (endothelial)  plates  consti- 
tuting the  capillary  wall  along  their  lines  of  juncture. 

It  is  not  certain,  liowever,  that  there  is  any  mechanical  change  in 
the  capillary  wall,  but  there  may  be  only  a  change  in  its  substance 
which  makes  it  more  permeable.  If  this  be  so,  the  corpuscles  pass 
through  the  wall,  as  they  might  through  a  film  of  gelatine,  which 
closes  again  behind  them. 

The  phenomenon  has  also  been  explained  as  a  consequence  of  mere 
pressure,  but  it  does  not  appear  that,  according  to  physical  law^s,  fluid 
pressure  could  act  on  a  solid  body  in  the  fluid  so  as  to  force  it  through 
in  such  a  way. 

Hemorrhage  by  Enpture. — This  will,  of  course,  occur  as  a  conse- 
quence of  a  pressure,  however  produced,  sufficient  to  burst  the  vessel. 
But  it  will  generally  be  found  that  the  vessel  has  been  weakened  by 
some  morbid  change  before  this  occurs. 

In  arterial  hemorrhage  it  is  a  broad,  general  rule  that  no  amount  of 
pressure,  such  as  occurs  from  disturbances  of  the  circulation,  will 
suffice  to  break  the  walls  of  a  perfectly  healthy  artery.  It  has  been 
found  experimentally  that  the  carotid  artery  of  a  dog  will  bear  four- 
teen times  the  normal  blood-pressure  without  bursting.      External 
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violence  or  wouuding  may,  of  course,  rupture  tLe  wall ;  or  the  artery, 
itself  healthy,  may  be  eaten  away  by  gangrene,  ulceration,  or  sup- 
puration. 

Iluraorrhage  from  .sloughing,  secondary  hemorrhage  after  ainputa* 
lions,  nmJ  that  from  ulcer  of  the  stomach,  are  instances.  The  author 
has  seen  fatal  hemorrhage  from  the  internal  carotid  artery  conscquetit 
on  abscess  of  the  tonsil  {St.  Tkomas'»  ILufpiUd  Jit-poris,  vol.  xii,  p. 
131),  hut  such  cases  are  rare. 

Tlie  conditions  of  the  arteries  which  predispose  to  rupture  are 
fatty  or  atheromatous  degeneration,  including  ciih-itiratii«n,  and  the  for- 
mation of  irregular  or  saccular  dilatations,  adletl  ancuri^ims,  esiiecially 
those  of  small  size,  called  miliary  aneurisms.  These  conditions  are 
most  common  in  the  arterie.'^  of  the  brain,  but  also  occur  el.^ewhere. 

Incn-a.sed  hlorid-pressure  will  also  be  evidently  a  predisposing  cause. 

Severe  cerehnjl  henuvrrhuge  is  nearly  always  ti'3iee4ible  to  ttie 
rupture  of  a  small  aneurism,  either  a  miliary  aneurism  (.nee  Fig.  3)  or 
one  of  larger  size. 

Tlie  cau.se  of  the  production  of  miliary  aneurisms  is  not  quite  clean 
but  probaidy  high  blooil-pressure  continued  for  a  long  time  has  some- 
thing to  do  with  it.  The  tendency  to  their  formation  and  to  conse- 
quent fatal  cerebral  hemorrhage  appears  to  be  often  hereditary. 
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Milmry  RneiinRiii  tif  oiiiall  fpn-liral  ftrtprv  (Cobsii.  and   Bastvibb). 
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the  perivawuilnr  sheath,  (."' ;  </ i/'/.  ca|iiHnry  hninches  (30  diameter:'!. 


Rupture  of  veins  by  mere  increase  of  pressure  is  not  known  to  occur 
if  the  veins  are  healthy.  It  has  been  found  experimentally  that  a 
tension  etjiial  to  one  hundred  times  the  normal  is  required  to  burst 
the  jugular  vein  of  a  dog.  A  vein  may  be  opened,  however,  by  ulcer- 
ation, as  in  varicose  ulcers  of  tlic  legs;  or  by  sup[»uration  ;  or  may 
give  way  when  hs  structure  has  already  been  much  altered,  as  in  tlje 
case  of  hemorrhoids. 

Rupture   of  capillaries    may,    of  courae,  be   easily    produced    by 
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external  violence,  and  occurs  also  as  a  consequence  of  internal  pre»- 
sure.  The  case  in  vrhich  the  latter  explanation  is  most  clear  is  that 
of  punctiform  hemorrhages  on  the  serous  membranes,  seen  after  death 
from  suffocation,  when  the  veins  are  greatly  distended,  and  cause 
pressure  in  the  capillaries  which  leads  to  hemorrhage.  In  most  cases 
it  is  extremely  difficult  to  distinguish,  by  the  effects,  whether  capillary 
bleeding  was  due  to  a  small  rupture  or  to  diapedesis. 

Capillary  bleeding  often  occurs  in  certain  specific  fevers,  as  tjphas 
and  plague,  and  in  the  so-called  hemorrhagic  form  of  smallpox  and 
scarlet  fever  and  others,  and  also  in  one  form  of  phosphorus  poisoning. 

In  purpura,  a  disease  which  consists  in  hemorrhage  in  patches,  of 
the  skin  chiefly,  and,  less  uniformly,  of  internal  organs  also,  the 
bleeding  appears  to  be  capillary,  and  is  possibly  due  to  diapedesis. 

Special  Kinds  of  Hemorrhage. — Special  names  are  given  to  hemor- 
rhage in  particular  situations. 

Superficial  liemorrhages  in  the  skin  or  other  membranes  are  called 
petechice,  if  they  are  very  small;  ecehymotei,  or  suffutionty  if  naore 
diffuse. 

Solid  tissue  soaked  through  with  blooti  is  called  hemorrhagic  infil- 
tration, or,  if  very  clearly  limited,  infarctus  or  infarction. 

Blee<ling  from  the  nose  is  epiitaxis ;  vomiting  of  blood  from  the 
stomach,  hoematemem  ;  bleeding  from  the  lungs,  hcemoptjfsit,  or  blood- 
spitting.  Blood  passed  with  the  urine  constitutes  hcematuria.  Hem> 
onhage  from  the  uterus  is  called  menorrhagia  when  it  is  in  excess  of 
the  menstrual  flow ;  in  other  cases  metrorrhagia.  Collections  of  blood 
within  cavities  have  also  received  special  names,  of  which  one,  hcema- 
tocele,  meaning  a  collection  of  blood  in  the  tunica  vaginalis,  alone 
requires  explanation. 

Heematoma. — A  large  mass  of  blood  effused  into  the  tissues  or  into 
any  cavity  whence  it  is  not  removed,  will,  under  ordinary  circum- 
stances, coagulate.  The  clot  thus  formed  is  sometimes  called  a  hoema- 
toma,  or  blood-tumor,  if  it  should  be  at  all  permanent. 

Such  masses  of  blood  are  sometimes  found  on  the  ears  as  the  result 
of  injury  to  the  cartilage  and  skin,  but  exclusively  in  insane  persons. 
It  has  been  sui)posed  that  they  occur  spontaneously,  and  the  question, 
from  its  medico-legjvl  interest,  has  been  much  discussed ;  but  there  can 
be  little  doubt  that  they  result  from  violence  in  patients  whose  power 
of  repair  are  imperfect.  They  are  known  as  Rcematoma  auri».  The 
name  ce/'halhcematoma  has  been  given  to  an  effusion  of  blood  between 
the  cranium  and  the  pericranium  in  infants  at  the  time  of  birth,  which 
may  remain  long  fluid,  but  sometimes  becomes  covered  with  a  shell  of 
n<.'wly  formed  bone. 

Ilaimntoma  of  the  dura  mater  is  a  collection  of  blood  coagulated  in 
layers  on  the  inner  surface  of  the  dura  mater,  sometimes  an  inch  or 
more  in  thickness.  It  has  been  ascribed  by  Virchow  to  a  chronic 
inflammation  of  the  dura  mater — Pachymeningiti%  chronica  hcBmor- 
rhagica — and  is  doubtless  due  to  successive  effusions  of  blood  mingled 
with  inflammatory  lymph. 

Blood  effused  into  muscular  tissue  in  consequence  of  rupture  may 
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forui  a  similar  tumor-like  mass;  and  the  same  conditions  may  occur 
in  other  purts. 

It  should  be  remeinberod  that  these  blood-masses  are  perfectly  dis- 
tinct from  tumors  properly  so  called,  which  will  bespoken  of  hereafter. 

Wlien  hldod  is  effused  from  the  vessels  it  will  make  its  way  in  the 
direction  of  least  resisbince.  If  the  mass  of  blood  is  large,  it  may 
destroy  and  lacerate  the  tissues  around,  a.s  is  seen  constantly  in  ttie 
brain,  and  sometitiies,  hut  nxrely,  in  the  lun^^s.  In  hollow  organs  it 
will,  of  course,  fill  or  line  the  cavity,  and  either  find  its  way  out  by  the 
nalunil  openings  or  form  a  ca.st  or  mould  of  the  cavity  by  coji<i;iilation. 
Such  moulds  are  sometimes  seen,  for  instance,  in  the  cavity  of  the 
uterus. 

In  general  or  parenchymatous  hemorrhage,  the  small  cavities  will 
be  fillcil  up,  as,  for  instance,  the  air-cells  in  pulmonary  hemorrhage; 
the  uriniferous  tubes  in  renal.  The  interstices  of  the  connective  tissue 
being,  so  far  as  they  sidniit  of  it,  also  filled  up,  the  organ  or  part  is 
then  in  a  stjite  of  hemtirrhififu'  hiftltration.  A  part  of  an  organ  thus 
affected  is  ealleil  a  hemorrhagic  infarct u»  or  infarction,  or  a  block,  hut 
these  are  pro<luci'd  by  a  peculiar  modification  of  causes  to  be  described 
further  on. 

Further  Changes  in  Effused  Blood. — Generally  without  forming 
any  such  permanent  mass  as  has  been  described,  the  blood  undergoes 
a  regular  scries  of  changes,  though  a  certain  part  maj'  be  carried  off 
at  once  by  the  lymphatics. 

1.  The  luEinoghibin  diffuses  out  of  the  corpuscles  into  surrounding 
parts,  where  it  undergoes  chemical  decomposition,  while  the  stroma  of 
the  corpuscles  li(|^efiea  and  disappears.  Another  portion  of  the  cor- 
puscles and  effused  pigment  is  taken  by  the  leucocytes  of  the  tissues, 
and  may  be  .again  set  free  by  the  disintegration  of  these,  or  possibly 
carried  some  distance  away. 

Some  corpuscles  appear  to  break  down  at  once,  without  losing  their 
hseinoglobiij,  into  granular  pigmented  masses. 

As  the  result  of  all  these  procea-ses  h:emoglobin  i.s  set  free,  which 
goea  through  a  scries  of  chemical  decompositions  ending  in  hremntoidin, 
a  dark-red  substance  in  rhombic  crystals,  or  in  granular,  rust-eolored 
pigment  {*ec  Fig.  4.)  lliematoidin  is  generally  thought  to  he  identical 
with  Bilirubin. 

(We  have  introduced,  for  comparison,  a  figure  (Fig.  5)  of  hiemin 
crystals,  or  hydrochlorate  of  hfematin,  obtained  by  the  action  of  acetic 
acid  and  chloride  of  sodium  on  blood,  which  is  also  a  derivative  of 
luenioglobJn.) 

The  changes  of  color  seen  in  a  superficial  extrav:isation  of  blond  (or 
bruise)  indicate  tlu'  stages  of  this  decomposition  ;  and  the  final  brown 
or  rusty  stain  shuws  the  pn^sence  of  Im^matoidJn  or  granular  [ligment. 

In  internal  organs  the  presence  of  one  or  other  of  these  forms  may 
often  show  that  hemorrhage  has  occurred  some  time  previously  ;  as  in 
the  acar  iu  the  ovary  left  by  the  escape  of  an  ovum  at  the  period  of 
orulation.  Or  a  yellowish  stain  in  brain-tissue  may  be  the  relic  of  a 
long  antecedent  hemorrhage. 
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It  has  been  shown  that  the  yellow  granular  pigment  is  sometimes 
purely  inorganic,  consisting  of  hydrated  ferric  oxide. 

Blood-pigment  absorbed  by  the  tissues  or  lymphatics  ultimately 
leaves  the  body  by  the  urine,  as  urinary  pigment. 

Fio.  4.  Fio.  5. 
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2.  The  fibrin  and  leucocytes  of  the  clot  may  entirely  liquefy  and  be 
absorbed  or  removed.  They  may,  on  the  other  hand,  undergo  changes 
resembling  organization,  and  a  fibrous  scar  is  produced,  which  may  be 
permanent  for  a  long  time,  and  even  become  calcified. 

This  change  will  be  more  fully  described  in  speaking  of  the  meta- 
morphoses of  clots  within  the  vessels  {%ee  Thrombosis).  It  is  modified, 
if  not  entirely  caused  by  the  production  of  inflammation  and  the  con- 
currence of  leucocytes  derived  from  the  tissues  round  the  clot. 

When  the  clot  liquefies  and  the  tissues  around  are  incapable  of  con- 
traction, as  sometimes  happens  in  the  brain,  or  when  it  is  enclosed  in 
a  cavity  with  thick  walls,  the  liquid  remains  in  the  form  of  a  cyst — the 
so-called  apoplectic  cy»t. 

General  Causes  of  Hemorrhage. — Besides  weakness  of  the  vessels 
and  over-pressure,  it  has  been  thought  that  hemorrhage  may  be  caused 
by  a  state  of  the  blood.  Especially  in  the  disease  scurvy,  produced 
by  privation  of  particular  salts,  hemorrhages  constantly  occur.  Pur- 
pura is  another  disease  in  whicli  hemorrhages  occur  without  any 
obvious  local  causes,  chiefly  in  the  skin,  but  sometimes  in  internal 
organs  also.  In  these  cases  it  is  quite  possible  that  an  alteration  of 
the  blood  is  the  origin  of  the  disease,  but  it  is  also  possible  that  degen- 
eration of  the  walls  of  the  capillaries  may  be  the  proximate  cause. 

Spontaneous  Arrest  of  Hemorrhage. — Bleeding  from  a  large  vessel, 
if  very  copious,  may  cease  spontaneously,  in  consequence  of  the  fall  in 
blood-pressure  produced  by  failure  of  the  heart.  Besides  this,  the  only 
causes  known  to  arrest  bleeding  are,  in  the  case  of  arteries,  contrac- 
tion of  their  walls  at  or  above  the  seat  of  injury,  and,  in  all-  kinds  of 
vessels,  coagulation  of  blood. 

Tendency  to  Hemorrhage. — In  some  persons  there  is  a  remarkable 
tendency  to  bleed  from  slight  causes,  and  more  especially  a  deficiency 
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in  the  power  of  arresting  hemorrhage ;  so  that,  after  some  very  slight 
wound,  uncontrollable  bleeding  sets  in.  Spontaneous  hemorrhages 
also  occur.  This  remarkable  condition,  known  as  hemophilia,  or  the 
hemorrhagic  diathesis,  is  generally  hereditary,  and  is  far  commoner  in 
the  male  sex  than  in  the  female,  in  the  proportion  of  eleven  to  one. 
Careful  examination  of  the  vessels  has  shown  no  abnormality  of  struc- 
ture, and  the  blood  appears  to  be  natural.  Except  heredity,  therefore, 
no  cause  for  the  disease  is  known. 


CHAPTER    VII. 

THROMBOSIS  AND  EMBOLISM. 

The  word  thrombosis  is  applied  to  the  clotting  of  blood  within  the 
living  body.*  This  process  is  essentially  the  same  as  that  by  which 
blood-clot  is  formed  outside  the  body,  or  after  death ;  but  since  the 
blood  in  general  preserves  its  fluidity  within  the  bloodvessels  during 
life,  there  must  be  some  special  cause  or  causes  to  produce  thrombosis. 
To  understand  what  these  causes  are,  we  must  first  consider  what 
conditions  maintain  a  fluid  state  of  the  blood  in  the  normal  circulation. 

Without  discussing  the  cause  of  coagulation,  it  is  clear  that  this 
does  not  take  place  so  long  as  the  blood  is  in  motion  and  the  walls  of 
the  vessels  containing  it  are  living  and  intact.  If  the  vessel-wall, 
whether  of  heart,  vein  or  artery,  be  injured  so  as  to  destroy  its 
vitality,  coagulation  sets  in.  If  the  blood  be  stagnant  at  any  part  for 
a  certain  time,  the  same  result  follows ;  not,  it  would  seem,  from  arrest 
of  motion  alone,  but  because  this  interferes  with  the  nutrition  of  the 
inner  coat  of  the  vessels. 

The  influence  of  the  normal  walls  in  preserving  fluidity  is  also 
shown  indirectly  by  the  fact  that  when  the  blood  leaves  the  vessels  (in 
hemorrhage)  and  passes  into  any  cavity  of  the  body  or  among  the 
tissues,  it  always  coagulates,  though  not  always  immediately.  Now, 
it  would  evidently  amount  to  the  same  thing  if  a  portion  of  tissue 
should  gain  admittance  within  the  vessel.  This  is  what  actually  some- 
times happens  in  the  case  of  cancer  and  new-growths,  which  may  grow 
into  a  vein  by  perforating  the  wall,  and  when  they  do  so  produce  a 
thrombus  inside.  If  pus  or  other  inflammatory  products  come  in 
contact  with  the  blood  inside  vessels,  they  also  produce  coagulation. 

The  same  result  occurs  with  necrotic  masses,  such  as  those  derivetl 
from  tubercle,  etc.  The  effect  of  foreign  bodies,  such  as  ligatures, 
needles,  etc.,  in  causing  coagulation  is  well  known.  It  is  more  marked 
in  proportion  as  the  surface  is  rough,  smooth  glass  having  little  effect. 
Various  chemical  agents  (acids,  salts,  etc.),  injected  into  vessels,  are 
known  to  cause  coagulation,  and  so  does  the  electrolytic  current. 
(Jenerally,  the  contact  of  any  substance  other  than  the  normal  wall  of 
the  vessel,  determines  a  precipitation  of  fibrin  on  its  surface. 

It  is  important  to  remember  that  a  clot  once  formed  acts  as  a 
foreign  body.     Hence  the  tendency  of  a  thrombus  to  extend.     If  the 

'  Tli«>  English  words  riird  or  rM,  curdliny  or  clotting,  tlu>.  Latin  roagulum,  coagutatio, 
the  (ireek  0()6f£3oi  (}p6/jtf3uaic  (Mrom6<M,  MromftowViK  precisely  correspund  in  meaning, 
U-iiit;  ii.scfl  both  <)f  milk  and  of  blood  :  but  the  Grevk  words  are,  for  convenience,  um<1 
in  the  special  sense  |)ointe<l  out  above. 
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clot  originally  formed  be  called  the  primitive  tlironibus,  the  suhse- 
quently  fyrined  clot  is  railed  secondary  thronilius. 

We  may  sum  up  the  causes  of  coagulation  of  blood  within  the 
vessels  til  uh: 

1.   Stiij^Uiition,  or  arrest  of  circulution,  which  acts  indireetty. 

^,  Injury,  or  necrosis,  of  the  inner  coat  of  the  vessels,  directly. 

3.  Introduction  of  tissues  or  mnteri:ils  from  other  parts  of  the  body, 
or  of  foreign  substances  into  the  vessels. 

4.  Secondary  extciisinu  of  the  clot  from  clot  already  formed. 

It  may  be  thought  tluit  a.  certain  condition  of  the  blood  is  also  a 
cause  of  coagulation.  After  8evere  fevers,  us  typhoid,  extensive 
thrundii  are  sonielimes  formed  in  the  veins,  and  in  condilitms  of 
exhaustion  and  wasting  from  fatal  diseases  the  same  occurs.  This  has 
been  called  i'acheetJc  thromhosis  (niarantie  thrombosis,  Virchow),  and 
is  a  condition  of  mu<di  inii|>ortanee.  There  are,  however,  doubtless 
scvei'al  causes  which  coi'iperate  in  these  cases.  The  circulation  is 
retarded,  from  weakness  of  the  heart.  The  tissues  generally  are  bailly 
nourished,  and  this  defective  nutrition  is  particularly  liable  to  aflect 
the  inner  coat  .of  vessels.  Moreover,  in  several  of  such  disea.ses  micro- 
organisms are  present,  which  proliahly  have  some  effect  in  favoring 
coagulation.  Ailmitting  that  the.^e  conditions  make  the  blood  more 
readily  coagulahte,  we  still  have  to  find  the  local  determining  cause. 
Such  causes  are  : 

1.  Stagnation  or  stoppuf/e  of  blood ;  chiefly  men  in  the  vfins  find 
thi'  heurt. — In  veins  pressed  u|)on  from  outside  by  any  cause,  the 
current  may  be  completely  arrested;  and  the  blood  will  sooner  or  later 
coagulate,  forming  a  thromhus.  This  is  most  often  seen  in  the  deep 
veins  of  the  jielvis  or  abdomen.  It  may  fiappen  in  the  female  se.v 
during  jiregnancy ;  and  must  often  occur  from  otiier  causes,  since  old, 
calcified  tliroud»i  are  frequently  foiiiul  pout  mortem  in  the  ovarian 
plexuses  and  neighl)oring  veins.  In  the  other  sex  the  prostatic  plexus 
shows  a  similar  liability,  and  in  both  the  hemorrhoidal  veins.  It  i.^ 
easy  to  .see  that  aecidenta!  mechanical  causes  may  lead  to  the  same 
result  in  other  systemic  veins.  In  the  pnrtal  .system  and  in  the 
pulmonary  veins,  thrombo.'^is  from  this  cause  alone  is  n*)t  comimm. 
General  weakness  or  sluwness  of  the  cireulalion  is  thought  to  be  a 
cause  of  venous  thrombosis,  but  it  is  not  quite  clear  that  it  is  so,  ludess 
there  be  a  local  cause  also. 

The  way  in  which  stagnation  of  blood  Iead.s  to  coagulation  is,  that 
the  inner  coat  of  the  vein  (which  is  nourished  by  the  circulating  blond) 
is  impaired  in  it.s  nutrition,  as  we  have  before  seen  to  be  the  ease  even 
with  venous  hyponemia.  It  then  act«'<  u|»on  the  blood  like  dead  or 
foreign  mutter. 

In  the  arteries,  the  circulation  beinu  so  umch  more  enerijetic,  coaiju- 
lation  from  stagnation  is  evidently  not  likely  to  occur. 

In  the  heart  we  find  that  a  very  feeble  circulation  sti'ongly  predis- 
poses to  coagulation,  and  that  thrombosis  may  be  produced  there 
without  iiny  other  causes,  so  far  a**  we  know,  being  concerned.  When, 
from  any  chronic  disease  of  the  lieart,  its  contractions  become  very 
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feeble,  the  chambers  are  imperfectly  emptied,  and  a  portion  of  blood 
will  tend  to  stagnate  in  those  parts  of  the  auricles  and  ventricles  where 
the  movement  is  less  vigorous.  This  will  be  the  case  in  the  apices  of 
the  ventricles  and  the  appendages  of  the  auricles.  For  some  reason, 
the  left  ventricle  and  right  auricle  are  most  often  affected. 

In  these  parts  we  may  find  masses  of  fibrin  adhering  to  the  walls. 
Sometimes  the  clot  assumes  a  globular  shape,  still  attached  to  the 
walls,  or  may  even  be  detached  all  round.  Th^e  masses  have  received 
various  names,  as  cardiac  polypi,  globular  vegetations,  etc.,  and  were 
at  one  time  attributed  to  endocarditis,  with  which  they  have  nothing 
to  do.  The  globular  thrombi  are  generally  softened  and  sometimes 
quite  liquefied,  so  that  they  may  contain  a  pulpy  matter  resembling 
pus  in  appearance. 

These  clots  are  generally  formed  some  time  before  death,  as  is  seen, 
on  post-mortem  examination,  by  the  changes  they  have  undergone. 
There  is,  therefore,  generally  no  difficulty  in  distinguishing  them 
from  the  clots  resulting  from  coagulation  of  blood  in  the  heart  after 
death. 

The  distinction  is  more  difficult  if,  as  sometimes  happens,  clots  are 
formed  immediately  before  death,  when  the  heart's  action  is  beginning 
to  fail.  Here  the  clot  will  not  have  undergone  any  changes,  and  we 
can  only  be  guided  by  the  evidence  of  the  clot  having  been  formed 
while  the  blood  was  moving,  or  after  the  circulation  had  stopped.  This 
is  an  important  but  difficult  point. 

Distinction  of  ante-mortem  clots  (thrombi)  and  post-mortem  clot* 
in  the  heart. — Clots  formed  some  time  (days  or  weeks)  before  death, 
will  be  more  or  less  adherent  to  the  walls  and  show  some  changes  of 
color  and  consistence,  which  will  be  described  afterward. 

Those  formed  after  death  are  either  soft  and  black,  with  the  cor- 
puscles and  fibrin  quite  uniformly  mingled,  or  else  they  show  some 
se{)aration  of  fibrin  from  the  other  constituents.  These  two  cases  cor- 
respond to  the  two  ways  of  coagulation  seen  in  blood  out  of  the  body. 
In  the  latter  case  the  fibrin  will  be  seen  to  occupy  the  highest  position, 
as  the  body  lies  (that  is,  in  front  of  the  two  ventricles,  and  the  com- 
mencement of  the  great  vessels),  while  the  red  corpuscles  gravitate  to 
the  lowest  part.  This  is  exactly  the  way  in  which  the  blood  constitu- 
ents arrange  themselves  in  a  bleeding-basin,  if  separation  of  fibrin 
takes  place;  and  hence  this  may  be  called  the  bleeding-basin  clot, 
which  is  always  formed  post-mortem,  and  is  not  a  thrombus. 

In  the  case  of  clots  forming  during  the  last  hours  or  days  of  life, 
there  may  also  be  a  separation  of  fibrin,  but  this  will  be  arranged 
irregularly,  attached  to  the  walls  or  musculi  papillares,  not  distributed 
according  to  the  action  of  gravity.  Strings  of  fibrin  may  also  extend 
along  the  aorta  or  larger  arteries.  Unless  these  characters,  which 
cihow  that  the  fibrin  separated  while  the  blood  was  in  motion,  are 
clearly  marked,  it  must  be  supposed  that  the  clot  was  formed  post- 
mortem. Cases  have  occurred  in  which  this  coagulation  in  the  heart 
before  death  has  been  diagnosed  during  life,  and  confirmed  by  post- 
mortem examination. 
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2.  Thromhoiti*  from  cfianijes  in  the  walh. — In  veins  tliis  is  a  fom- 
mon  cause.  InHaraomlion  of  tlio  walls,  whether  caused  by  u  wound, 
or  by  extension  from  an  intiiimed  part,  produces  local  coagulation. 
Formerly  this  was  thouirht  to  be  the  universal  process,  and  all  of  what 
is  now  called  thrombosis  was  calSed  phlebitis;  but  this  was  a  mistake, 
since  thrombosis  may  occur  independently,  and  may  produce  inflam- 
mation of  the  walls.  In  other  wonls,  phlebitis  is  one  of  the  causes  of 
thrombosis,  but  tln'ombosis  may  also  be  a  cause  of  phlebitis. 

Inflammation  is  particularly  liable  to  afl'ect  the  veins,  if  tlic  original 
inflammation  is  of  an  infective  or  specific  kind.  Hence  tlu-ombosis  is 
very  likely  to  occur  in  the  case  of  unhealthy  wounds. 

In  tJie  heart  local  endocanlitis,  when  it  affects  the  walls  (not  a  com- 
mon event),  produces  coa*rulation  on  the  inflamed  patch. 

In  arteries  change  in  the  inner  wall  is  the  commonest  cause,  of 
thrombosis,  but  this  is  a  matter  of  degree;  and  if  the  circulation  be 
vigorous,  even  a  considerable  change  of  surface  will  not  necessarily 
produce  coagulation.  When  the  circulation  is  sluggish  this  is  more 
often  seen. 

In  atheroma  of  the  aorta,  calcareous  plates  are  often  found  which, 
in  smne  cases  by  absorption  of  the  inner  coat,  come  into  contact  with 
the  blood-current,  and  may  cause  deposition  of  fibrin  u[>ou  them.  The 
MUDe  may  occur,  though  rarely,  in  smaller  arteries,  and  cause  complete 
obstruction  of  them,  the  consequences  of  which  may  be — for  instance, 
in  the  arteries  of  the  bmiu  or  the  heart — very  imfiortant  or  even  fata!. 
The  dot  thus  formed  may  extend  in  either  direction.  This  prore.s3  is 
with  difficuity  distinguished  from  llie  results  of  embolism,  explained 
below. 

Extensive  thrombosis  of  the  pulmonary  artery  is  sometimes  seen, 
■where  it  may  be  doubtful  whether  this  was  the  original  process  or 
whether  it  w;»s  caused  by  ettdwlism  {we  below). 

3,  Thnmilmsu  from  end'anrc  qf  sofftv  forei/pi  suhnfaHce  into  the 
v«Me/«.— This  process  is  imp>ort!iiit  only  in  relation  to  veins. 

Cancer  or  other  new  growth  may  sometimes  grow  into  a  vein  and 
produce  a  thrombus.  By  extension  of  the  growth  into  this  a  rancerou^ 
tfiromlms  is  formeil,  which  may  grow  on  continuously  or  become 
<letnched  and  carried  to  a  distance.  Chondroma,  lymphoma,  and  other 
tumors  may,  rarely,  act  in  the  same  way. 

A  new  growth  in  the  heart  may  produce  similar  results. 

Pus  sometimes  perforates  the  wall  and  enters  a  vein,  when  it  pro- 
duces a  clot.  This  was  at  one  time  thought  to  be  a  conjmon  process, 
and  to  be  the  cause  of  the  disease  called  pyiemia.  It  is  now  kiiown  to 
be  of  very  rare  occurrence,  but  unquestionable  instances  have  been  seen 
by  the  writer. 

What  more  generally  happens  is  that  inflammation  of  the  vein  is 
produced  by  the  neighborliooJ  of  su[»puration,  and  thus  a  thrombus  is 
formed.  But  this  thrombus  will  become  infected  with  any  specific 
poison  which  is  contained  in  the  pus.  Thu.«  a  foreign  substance,  viz., 
the  microorganism  or  whatever  else  constitutes  the  specific  virus  of  the 
pus,  may  enter  the  vein. 
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This  may  possibly  be  conveyed  by  migratory  celLa,  or  maj  its<'tf 

penetrate  the  wall  and  enter  the  clot. 

The  proiiuction  of  thrombi  containing  specific  infective  substaures 
is  a  most  important  and  dangerous  process.  By  this  means,  just  a«  in 
the  case  of  cancer,  a  specific  disease  may  be  distributed  over  the  body. 

Thus  an  unhealthy  waun<l,  containing  septic  bacteria,  pjives  rise,  bv 
throtubosis  of  the  neighboring  veins  and  subsequent  changes,  to  the 
general  di-sea^ie  f\y(einiij. 

The  tubercle  poison,  and  possibly  that  of  syphilis,  are  sometimes 
distributed  in  the  same  way. 

4.  Pi'odui'tion  of  thrombus  hif  extension  ;  secondary  thrombosi*. — 
A  clot  once  formed  has  a  tendency  to  enlarge,  by  coaguliitin^  the 
blood  next  to  it.  In  this  way  the  coagulation  whicli  begins  ut  one 
side  of  the  inner  wall  spreads  until  the  vessel  is  blockeil.  When  this 
occurs  the  whole  column  of  blootl  behind,  in  the  vein  itself  and  its 
tributaries,  is  arrested,  and  will  also  coiigulate.  The  thrombus  may 
also  extend  forward  with  the  bhtud-current  until  this  is  stopfwd,  and 
even  fuitfier  if  tin*  vfiu  do  not  collapse. 

Thus  coaguhtlion  nuiy  extend  to  parts  (juitc  remote  from  the  pnmi- 
tive  tbrouibus.  For  instance,  let  a  thrombus  be  formed  in  a  siimli 
tributary  of  the  internal  iliae  vein.  It  will  creep  along  until  it  reft<dtes 
the  internal  iliac  trunk  anti  projects  into  this.  A  secondary  thromlius 
is  formed,  which  spreads  up  to  the  junction  with  the  external  ili.Hc. 
The  latter  will  become  blocked,  and  the  thrombus  extend  down  the 
femoral  to  the  principjil  veins  of  the  leg.  This  is  nearly  what  occurs 
in  the  disease  called  phlegmasiti  alha  dolens,  where  congulation  starts 
in  the  uterine  veins,  and  causes  [lain,  swelling,  etc.,  of  the  leg. 

Consequences  of  Thrombosis. — That  when  a  vein  is  obstructed  by 
thrornhiis  the  jiarts  beiiind  the  ohstnietion  are  affected  in  the  same 
manner  as  if  the  vein  were  stopped  in  any  other  way — i.  e.,  show 
hypenemia,  engorgement,  ledema — need  hardly  be  pointe<l  out.  Other 
consequences  dejiernl  upon  jiortions  of  the  thrombus  becoming  detached 
and  carrieti  onward  by  tlie  blood-current  to  the  heart  or  other  vessels, 
as  will  be  explained  when  the  changes  in  thrombi  have  Fieen  spoken  of. 

The  consequences  of  obstruction  of  arteries  by  thrombus  are  the 
same  as  those  of  obstruction  by  other  causes,  and  will  be  afterward 
discussed. 

Structure  and  Metamorphoses  of  Thrombi. — Thrombi  are  npoken 
of  as  (1)  parietal  ami  (2)  obstructive,  according  as  they  are  attached 
to  the  wall  of  the  vessel  or  occupy  ils  whole  lumen. 

The  one  kind  may,  of  course,  pass  into  the  other,  but  the  structure 
of  those  which  are  at  first  piirietJil  isdift'erent  from  that  of  those  whicli 
are  formed  by  coagulation  of  the  whole  column  of  blood  in  a  vessel. 

1.  Parietal  thrombi  are  always  formed  of  successive  layers.  The 
first  layer  (as  /aim  has  observed  during  life  in  the  tran.sparent  part8 
of  frogs)  is  formed  of  leucocytes  with  a  little  fibrin  ;  on  this  another 
layer  is  depo3ite<l,  and  so  on.  For  some  reason  not  un^lerstwd  the 
successive  layers  are  often  different  in  color,  some  consisting  entirelyJ 
of  leucocytes  and  fibrin,  others  containing  red  corpuscles  also,  produc 
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ing  an  Jippeanince  like  the  structure  of  an  agate.  This  laminated 
structure  is  traceubie  to  the  last  in  siicli  tlirnmbi,  and  is  often  obvious 
to  thp  naked  eye,  for  instance  in  the  layers  of  clot  inside  an  aneurism. 
Some  parietal  thrombi  are  almost  wholly  composed  of  fibiiii  and  leu- 
cocytes, and  are  known  as  "white  ihrumbi."  Some  layers  may  be 
transparent  or  hyaline,  but  generally  there  is  a  large  quantity  of  a 
finely  granular  substance  known  ns  rnoleetiliir  fibrin. 

A  drfiV'ront  explanation  lias  lately  been  given  of  the  formation  of 
white  thrombi.  Jt  is  said  tliat  the  U'Ueocytes  take  no  necessary  part 
in  their  formation,  but  that  they  originate  in  the  "blood-pla<jues"  or 
eieraentary  blood-corpuseles  which  have  been  lately  much  studied. 
Accor<ling  to  the  observations  of  Bizzozero,  substantially  confirmed 
by  other  investigators,  the  first  result  of  injury  to  the  wall  of  a  blood- 
vessel or  the  introduction  into  its  cavity  of  a  foreign  biidy  such  as  a 
thread,  is  tbe  deposition  of  a  mas,?,  not  of  leucocytes  as  formerly  sup- 
posed, but  of  blood-plaques.  Osier  has  founil  even  large  raai<ses  of 
white  thrombus  to  he  ehiefly  composed  of  these  elements,  the  outer 
parts  showing  them  in  a  perfect  state,  the  inner  part  consisting  of  a 
gninuhir  mass  resulting  from  their  disintegration.  Bizzozero  holds 
that  the  blood-plaquea  are  the  essential  agents  in  the  prcci])itation  of 
fihriu  which  properly  constitutes  congulation.  Others  think  that  there 
is  no  connection,  and  the  question  is  not  yet  decideil.' 

2.  Obstructive  thrombi  consisting  of  the  whole  mass  of  the  blood 
will  at  fii-st  precisely  resemble  ordinary  ciots  formed  out  of  the  body, 
but  undergo  certain  changes. 

These  changes  are: 

In  the  first  two  or  three  days  the  thrombus  becomes  firmer  and 
drier  from  loss  of  the  serum  .squeezed  out  of  it  in  contraction.  Hext 
it  becomes  sotnewbat  ailherent  to  the  wall  of  the  vessel.  Later  on  the 
b]«io<l-pigment  diffuses  out  of  the  corpuscles,  and  the  whole  clot  be- 
comes tinged  of  a  reddish-brown  color  from  altered  luemoglobin  or 
hiematoidin.  Tliis  is,  however,  absorbed,  and  the  clot  becomes  partly 
decolorized,  especially  in  the  central  portions.  This  loss  of  color  is 
good  evidence  of  the  age  of  a  clot. 

What  may  be  considered  the  natural  or  healthy  end  of  this  process 
is  the  so-called  '"'^  t^rganisatiou  of  the  thronibug."  It  becomes  gratlually 
replaced  by  a  mass  of  connective  tissue,  wliteh  either  converts  the 
obliterated  vessel  into  a  fibrous  cord,  or  else  becomes  channelled  and 
allows  it  to  become  pervious  again. 

There  has  been  much  discussion  aa  to  whether  the  connective  tissue 
is  formed  out  of  the  elements  of  the  clot  or  bv  outiirowth  from  the 
walls  of  the  vessel. 


>  I  hnve  bfvt  no  opportunity  of  testing  these  observations  as  regards  tlirumliosis,  bat 
the  bk>o<lpl«niie8  are  d(!«crilied  ami  discussed  further  on  in  «|>eok  ing  of  the  variations 
in  Uie  corpuscles  of  the  fdood.  For  further  references  see  Scliiniiuelhunch,  Virchow's 
Arch  IT,  vol.  ci.  p.  201  ;  Eberth,  ibt'd,  vol.  ciii.  p.  39;  Osier,  Brilisli  Medicul  Journal, 
1886,  i.  p.  807. 
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The  general  conclusion  is  that  the  thrombus  itself  plays  a  passive 
part,  and  that  the  new  tissue  is  an  outgrowth  from  the  endothelium  of 
the  vessel,  wliich  becomes  vascularized  fiom  the  vasa  vasorum.  The 
author's  own  observations  are  entirely  in  favor  of  this  view.  The  clot 
may  be  seen  pushed  aside  and  replaced  by  a  transparent,  gelatinous- 
looking  tissue  directly  continuous  with  the  thickened  iivtima.  If  this 
be  true,  there  is  no  organization,  properly  speaking,  of  the  thrombus. 
It  is,  however,  not  impossible  that  some  elements  of  the  thrombus, 
viz.,  the  leucocytes,  may  be  taken  up  into  the  new  growth. 

Softening  of  Thrombi. — This,  which  is  the  other  possible  termina- 
tion of  the  metamorphosis  of  the  clots,  is  a  process  of  great  impor- 
tance. It  begins,  like  the  other  process,  with  diffusion,  followed  by 
absorption  of  blood-pigment.  Softening  begins  in  the  central  and 
decolorized  portions  of  the  thrombus,  where  the  fibrin  is  liquefied  and 
a  pulpy  or  creamy  substance  produced.  Under  the  microscope  this 
is  found  to  be  granular  matter  with  shrivelled  and  degenerated  leuco- 
cytes. Rarely  the  number  of  these  cells  is  so  great  as  to  produce  an 
appearance  something  like  pus;  hence  the  process  was  at  one  time 
called  suppuration,  and  thought  to  show  inflammation  of  the  vein.  But 
the  puriform  matter  was  shown,  first  by  Gulliver  and  afterward  by 
Virchow,  to  be  softened  fibrin  and  blood-cells.  Sometimes  it  contains 
septic  or  putrid  substances,  if  derived  from  tissues  containing  such 
matters.  Generally,  though  not  always,  the  walls  of  the  vein  are  at 
the  same  time  thickened  and  inflamed. 

Softening  is  particularly  well  marked  in  thrombi  of  the  heart,  and 
appears  to  be  the  constant  process  there.  It  is  doubtless  favored  by 
the  circumstance  that  tiie  thrombus  is  soaking  in  the  fluid  blood. 
This  process  also  takes  place  more  regularly,  and  perhaps  more 
rapidly,  when  the  temperature  of  the  body  is  raised  by  fever. 

Tlie  result  of  softening  is,  that  portions  of  the  thrombus,  either  in 
the  form  of  a  pulp  or  of  solid  fragments,  are  likely  to  get  into  the 
circulation. 

The  effects  thus  produced  will  be  various: 

The  softened  matter  may  pass  into  the  blood  without  producing 
any  injurious  symptoms,  the  only  result  being  that  the  channel  of  the 
bloodvessel  is  opened  up.  This  is  more  likely  to  occur  in  thrombosis 
of  an  artery  than  of  a  vein. 

A  fragment  may  be  carried  into  some  vessel  which  it  will  obstruct ; 
it  is  then  called  embolus. 

This  matter  may  contain  a  septic  or  infective  poison.  It  will  then 
produce  a  general  disease,  and  also  set  up  suppuration  or  necrosis  at 
the  spots  where  it  ultimately  becomes  lodged. 

Fragments  of  thrombi  may  doubtless  be  detached  by  movement  or 
by  some  mechanical  accident,  without  softening,  and  be  carried  off  by 
the  blood  stream.  Thus  we  sometimes  find  large  and  firm  masses  of 
a  venous  clot  in  distant  parts. 

These  restilts  depend  on  the  process  called  Embolism,  which  must 
now  be  described. 
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EMBOLISM. 


This  name,  derived  from  the  Greek  word  embolus  {f/i^n?.o^).  mean- 
ing a  phiff,  denotes  the  plugginj;  or  stopping  up  of  a  blouilvcssel  !iy 
a  mass  brouglit  by  the  blood  nnd  too  large  to  pass  through  it.  This 
process  can  only  occur  in  the  systemic  or  pulmonary  arteries,  or  ia 
the  branches  of  the  portal  vein,  and,  with  some  modification,  in 
ciitiilhu'it'S. 

Tiie  obstructing  plug  or  embolua  may  he.  as  shown,  a  fragment  of 
a  thrombus,  t^uch  fragments,  derived  from  the  systemic  veins,  will 
be  carried  to  branches  of  the  pulmonary  artery  :  if  derived  from  the 
left  side  of  the  lieart,  or  the  pulmonary  veins,  will  obstruct  sonic  sys- 
temic artery;  if  derived  from  factors  of  the  portal  vein,  will  go  to 
branches  of  tlitit  vein  within  the  liver. 

Oilier  substances  wliich  may  act  as  emboli  are  fragments  of  vegeta- 
tion from  the  valves  of  the  heart;  parasites;  portions  of  new  growths 
which  have  entered  the  veins,  etc.,  without  speaking  of  foreign  bodies 
introduced  experimentally. 

Fat  may,  under  certain  circumstances,  act  aa  an  embolus,  and  so 
perliapi?  may  air  introduced  into  the  veins. 

Sometimes  finely  divided  substances  will  pass  through  the  pulmo- 
nary capillaries  and  become  arrested  in  the  systemic  circulation. 

Emboli  may  be  classified  as  eimple  or  mechanical ;  and  specific. 

The  former  produce  merely  the  effect  of  obstruction.  The  hitter 
give  rise  either  to  new  growth  (cancer,  etc.)  or  to  inflammation  at  the 
point  where  the  vessel  is  obstructed. 

Simple  obstruction  of  an  artery  by  an  embolus  is  generally  recog- 
nized during  life  by  the  suddenness  of  the  symptoms.  The  further 
consequences  depend  on  tlie  part  obstructed.  In  most  cases  the  ob- 
structing mass  i.s  increased  by  the  extension  of  thrombus  from  the 
embolic  ma.ss.  This  arises  from  the  fact  that  a  column  of  blood,  both 
in  front  of  and  behind  the  embolism,  is  brought  to  a  state  of  rest,  and 
coagulates.  It  would  seem,  in  some  cases,  that  partial  obstruction  of 
the  artery,  by  merely  retarding  the  current,  is  even  more  effectual. 

The  embolus,  for  obvious  reasons,  is  most  frequently  arrested  at  the 
bifurcation  of  an  artery,  where  it  can  go  no  further,  and  the  secondary 
thrombus  may  extend  from  this  point  into  the  branches  of  the  artery- 
In  such  a  cane  the  secondary  thrombus  may  be  a  much  more  con- 
spicuous object  than  the  embolus  which  gave  rise  to  it,  tind  the  latter 
being  enveloped  in  fresh  clot,  minute  research  is  required  to  find  the 
origin  of  the  mischief.  The  distinction  from  arterial  thrombosis  will 
here  be  difficult,  and  opposite  opinions  may  be  arrived  at  by  different 
observers  with  respect  to  the  same  specimen. 

The  following  actual  cases  of  embolism  may  be  taken  as  typical 
instances ; 

1.  A  woman  some  days  after  childbirth  is  taken  with  sudden 
dyspnoea  and  cardiac  syncope,  wliich  are  rapidly  fatal.  On  opening 
the  heart  we  find  in  the  right  ventricle  a  piece  of  firm  thrombus  some 
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two  inches  long,  and  as  large  as  a  cedar  pencil,  which  had  obstructed 
the  pulmonary  artery  and  caused  death.  In  the  internal  iliac  vein  ire 
find  a  thrombus  with  a  broken  end,  which  exactly  fits  one  end  of  the 
mass  found  in  the  heart,  so  that  the  latter  was  evidently  broken  off 
from  it.  The  detached  thrombus,  in  the  case  related,  showed  also  the 
imprint  of  the  valves  of  the  vein.     This  is  pulmonary  embolism. 

2.  A  patient  with  aortic  valvular  disease  is  suddenly  seized  with 
right  hemiplegia  and  aphasia  and  other  symptoms  showing  affection  of 
the  part  of  tlie  brain  supplied  by  the  left;  middle  cerebral  artery. 
After  death,  a  few  days  later,  that  artery  is  found  blocked  by  an 
irregular  fibrinous  mass,  which  has  been  arrested  at  the  bifurcation  of 
the  vessel.  The  corresponding  brain  substance  is  in  a  state  of  acute 
softening.  On  looking  at  the  aortic  valves,  vegetations  are  found  on 
them  which  precisely  resemble  the  plug  stopping  op  the  cerebral 
artery.     This  is  cerebral  embolism. 

3.  In  the  same  disease  there  may  be  sudden  and  painful  obstruc- 
tion of  one  femoral  artery;  the  limb  becomes  cold,  pulseless  and 
ultimately  gangrenous.  The  artery  is  found  to  be  blocked  (probably 
at  the  giving  off  of  the  profunda),  by  a  mass  like  those  on  the  aortic 
valves. 

4.  A  patient  with  mitral  regurgitant  disease  has  repeated  hsemop- 
tysis,  with  cough,  etc.  After  death  we  find  several  branches  of  the 
pulmonary  artery  blocked  with  fibrinous  plugs ;  while  softened  throm- 
bus is  found  in  the  right  chambers  of  the  heart.  The  lung  tissue  con- 
nected with  the  blocked  arterial  branches  is  a  solid  red  or  yellowish 
mass ;  the  so-called  hemorrhagic  infarction  or  infarctug. 

It  thus  appears  that  the  results  of  blocking  an  artery  may  be  very 
different  in  different  cases ;  the  results  (not  to  speak  of  sudden  death 
from  blocking  of  the  pulmonary  artery);  may  be  thus  classified: 

1.  If  the  main  artery  of  a  limb  be  blocked,  the  anastomosis  may 
be  perfect  enough  to  restore  the  circulation  after  a  time,  so  that  no 
permanent  effects  follow.  If  the  anastomosis  be  insufficient  we  get, 
in  external  parts,  gangrene. 

2.  If  an  artery  going  to  an  internal  organ  be  blocked  there  will  in 
many  cases  be  sufficient  lateral  anastomosis  to  restore  the  circulation. 
But  if  it  be  a  "terminal  artery" — that  is,  a  branch  which  has  no 
lateral  communication  with  other  branches — the  supply  of  arterial 
blood  is,  of  course,  cut  off;  and  certain  results  follow. 

3.  Even  if  there  be  no  anastomosis,  gangrene  does  not  occur  unless 
the  part  be  somehow  in  communication  with  the  air.  The  result  is 
either: 

(a)  Rapid  necrosis,  i.  e.,  softening,  as  seen  in  the  brain,  an  organ 
wliich  cannot  bear  even  temporary  cutting  off  of  its  nutrition  This 
is  best  seen  in  the  middle  cerebral  artery,  because  it  lies  beyond  the 
circle  of  Willis  and  has  no  arterial  anastomosis. 

(b)  Slower  necrosis  or  wasting,  as  may  happen,  for  instance,  if  the 
main  renal  artery  be  obstructed. 

{c)  The  part  supplied  by  the  artery  may  become  engorged,  and 
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even  diffuse  ht'inorrlinge  mxtir,  Tbis  constitutes  a  hemorrhagic  in- 
farctus,  ar  hoiiiorrbagic  l>!ock. 

Such  blocks  are  formed  only  in  the  lungs  (branches  of  the  pitbno- 
nary  artery),  the  sjileen,  the  kidneys,  retina,  mrely  in  the  intestinal 
canaf. 

In  these  organs  the  branches  funned  Ijy  subdivision  of  tlie  main 
artery  are  terminal  arteries;  hence  the  portion  sufiplied  hy  each 
branch  forms  an  isolated  territory. 

We  might  expect  that  this  portion  would  be  antcmic  if  its  artery  he 
blocked ;   how  then  doe.s  it  come  to  be  engorged  and  hemorrhagic  'i 

This  is  a  difficult  ijuedtion.  There  can  he  no  doubt  tliat  the  part 
becomes  filled  with  blood,  which  stagnates  there:  and  this  blood  can 
only  cotne  from  one  of  two  sources,  either  by  regurgitation  from  the 
I'trtW,  or  by  slow  infiltmtion  fnim  eapiUanes  which  communicate 
with  the  arteries  of  adjacent  territories.  The  first  explanation  is 
Cohnheim's,  and  is  very  plausible,  hut  is  contradicted  by  experiments 
which  show  that  the  .same  result  follows  even  if  the  venous  as  well  as 
the  arterial  branch  be  blocked.  On  the  other  hand,  the  capillaries 
may  bring  htood  from  adjacent  parts,  especially  if  (as  is  always  the 
case)  the  blocks  are  situated  near  tfie  surface.  Then  the  blood-supply 
of  the  covering  of  tlie  organ  (pleura,  capsule  of  the  kidney,  etc.) 
comes  into  play,  wlien  the  onward  driving  force  of  the  artery  is  sus- 
pended. Moreover,  it  ."should  be  remeuiltered  that  such  infarctions 
nearly  always  occur  in  eases  of  obstructive  lieart  disease,  wlien  there  is 
venous  engorgement  of  tlie  pulmonary  circulation,  and  of  the  whole 
venous  system.  By  wliatever  means,  an  engorged  condition  is  estab- 
lished, though  not  immediately.  It  takes  time — probably  two  or  three 
days  at  least — since  if  the  artery  be  blocked  immediately  before  death, 
this  result  does  not  follow  (I  speak  from  personal  observation). 

Then  other  changes  follow : 

Hemorrliage  by  diapedesis  occurs  ttirough  the  whole  mass  of  the 
block.  This  occurs  because  the  wall^  of  the  vessels  have  been  weak- 
ened and  necrosed  by  being  deprived  of  arterial  blood.  The  red 
blood-disks  more  especially  (as  in  venous  hypeneraia)  leave  the  ves- 
sels. This  is  shown  often  during  life  by  external  bleeding — I'-g., 
hiemoptysis  or  htematuria ;  and  may  be  seen  in  the  retina  by  the 
ophthalmoscope.  Necrotic  changes  follow.  The  block  becomes  de- 
colorized, as  a  thrombus  does;  its  central  parts  become  yellow  and 
crumbling,  or  break  down  to  a  pulpy  mass  resembling  pus.  But  sup- 
puration does  not  occur  unless  the  embolus  has  brought  some  infective 
poison.  There  is  active  hyperaemia  in  the  outer  parts,  forming  a 
brightly  injected  zone  and  increase  of  fii)nMis  tissue,  so  that  .something 
like  a  capsule  is  produced.  In  the  end  a  depressed  fibrous  scar 
results,  which  is  permanent  in  the  spleen  or  kidney,  but  in  the  lung 
becomes  ahnost  or  quite  imperceptible.  This  series  of  changes  may 
be  gone  through  in  the  kidney  in  about  six  weeks. 

The  above  de3cri]>tion  applies  to  lung,  kidney,  spleen,  and  retina 
(mutatia  mutandis).  In  the  intestine  the  same  condition  (producing 
hemorrhage  from  the  bowels)  may  occur  if,  beside  the  blocking  of  one 
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brfini-h  of  llie  mesonteric  iirteiy,  we  have  ubstruction  by  thrombosis 
of  the  anastomotic  loops,  \vhit;h  would  titlicrwise  restore  the  circula- 
tion, as  I  have  Iiad  an  ojifiortuiiity  of  uhservirij:.  Tlie  above  described 
changes  occur  whatever  be  the  nature  of  the  obstructing  mass — a  frag- 
ment of  fibrin  or  any  other  substance. 

On  consideration,  we  see  that  fmboli  in  the  pulmonary  circulation 
must  be  derived  fr4»m  the  systemic  veins  or  from  the  right  side  of  the 
heart;  etnboli  in  the  systemic  arteries  are  mostly  derived  from  the 
heart,  consisli)ig  of  fragments  of  diseased  valves,  or  of  fibrinous 
deposits,  culled  vegetations,  upon  them  :  or  else  possibly  from  thrombi 
of  the  puliudnary  veins.  It  is  also  oossible  for  matters  such  as  the 
products  of  atheroma,  or  deposits  of  fibrin,  to  be  carried  from  larger 
into  smaller  arteries,  ami  lliere  to  form  emboli.  In  the  portal  vein, 
emboli  are  lieriveil  from  its  factcirs. 

Aneurism  from  Embolism. — In  solid  organs  the  obstructed  nrtcrial 
branch  is  probably  seldom  reopened.  In  cerebral  arteries  and  some 
others  this  ia  possible,  but  the  wall  of  the  artery  -will  he  permanently 
injured,  and  a  curious  result  sometimes  follows.  A  local  dilatation  or 
aneurism  may  bo  formed  ;  and  thus  embolism  may  be  a  cause  of  small 
aneurisms,  otherwise  utiexplaiiiod,  of  the  cerebral  arteries.  It  is  po^ 
Bible  the  same  may  h:i]i|it>n  in  other  arteries  not  supported  by  solid 
tissue — «•</.,  in  the  mesenteric,  as  appeared  probable  in  one  cjise 
which  came  under  the  writer's  observation. 

Infective  Embolism. — If,  however,  the  fragment  brought  from  a 
thrombus  contain  the  infective  [loison  derived  from  a  wound  or  els^ 
where,  it  will  not  only  pivnluce  some  degree  of  infarction  as  above 
described,  but  will  also  e.xcite  active  inflammation.  Hence,  in.stead  of 
a  simple  block,  an  abscess  results.  These  pyicmic  abscesses,  formerly 
called  8ef!ondari/  deponiU  {i.  e.  of  pus),  have,  in  the  lungs,  a  certain 
resemblance  to  hemorrhagic  blocks,  but  differ  in  showing  pus  and 
other  signs  of  active  inflammation.  In  other  parts,  as  tlie  liver,  thev 
are  more  like  sim|de  abscesses. 

Thus  thrombosis  and  embolism  are  the  machinery  by  which  the 
poisons  of  pyiemia.  etc..  are  distributed  through  the  bodv.  It  is  prob- 
able that  tlie  fever  and  blood  poisoning  induced  by  the  general  dis- 
ease also  modify  the  local  proce.ss.  In  the  same  way  these  processes 
may  serve  as  ihe  machinery  for  the;  dislribution  of  new  growths. 

Capillary  Embolism, — raiiiehs  of  vaviditis  kinds  which  are  too 
small  to  obstruct  visible  arti-rial  bmnches  may  yet  be  too  large  to  pass 
through  capillaries.  They  thin  proihict;  what  are  called  cupillary 
embolifms.  But  it  is  well  to  remtmber  that  under  this  name  is  in- 
cluded obstruction  of  minute  arterioles,  which  naturally  often  happens 
fiiniultaneously  and  from  the  same  cause. 

A  capillary,  being  of  uniform  iliameter.  ought  to  allow  anything  to 
pass  which  is  small  enough  to  enter  it;  but  doubtless  obstruction  ia 
often  caused  by  the  adhesive  nature  of  the  obstructing  substance,  or 
because  it  produces  some  change  in  the  capillary  wall. 

Capillary  embolisms  may  be  produced  b}*  solid  or  liquid  substances, 
and  perhaps  even  by  air. 
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In  many  febrile  cotiditions,  capillnries  arc  found  l>!oc]<ed  by  masses 
of  leucocytes.  In  infective  diseases,  groups  of  micrococci  and  possibly 
bacilli,  in  addition  to  their  specific  action  or  perliaj)s  in  conse(|uence 
of  that,  cause  obstructions  in  aipillaries.  Capillury  eiabolism  may 
also  be  a  consequence  of  one  form  of  endocarditis. 

Fat  Embolism. — Fatty  matters  contained  in  the  blood  have  some 
difficulty  in  passing  the  pulmonary  capillaries.  When  present  in 
<|uantity,  they  cause  extensive  obstruction,  with  dyspnoea,  etc.,  which 
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Entail  (jniiich  of  pulmonary  artery   blocked   by   a   fatty    maw.  whirb  exieuds  into 
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may  be  falal.  ftn  examination  capillaries  and  small  branches  of  the 
pulmonary  artery  are  seen  to  be  choked  with  fat  (Fig.  G),  The  same 
may  be  seen  more  rarely,  and  much  less  abundantly,  in  capillaries  of 
ihe  kidneys,  brain,  and  other  organs,  the  fat  having  made  its  way 
through  the  pulmonary  capillaries.  In  such  cases  fat  has  been  found 
to  be  excreted  tlirough  the  kidneys,  appearing  in  the  urine. 

The  source  whence  fat  enters  the  blood  is  usually  from  the  marrow 
of  bones  after  severe  fractures  or  in  osteomyelitis,  but  it  is  said  to 
have  been  also  derived,  in  some  cases,  from  wounds  of  adipose  tissue. 

When  it  affects  a  large  portion  of  the  pulmonary  circulation,  sud- 
den death  may  result. 

Air  Embolism. — It  has  long  been  known  that  the  entrance  of  air 
into  the  veins,  which  may  haf»pen  in  o[>erations  on  the  large  veins  of 
the  neck,  etc.,  is  a  dangerous  and  possibly  fatal  occurrence.  The 
bad  effects  have  been  thought  to  depend  on  obstruction  of  the  pulmo- 
nary capillaries  by  air-bubbles,  but  seem  rather  to  be  due  to  accumu- 
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lation  of  air  in  the  right  ventricle,  which  contracts  ineffectually  upon 
the  air,  and  does  not  propel  the  blood. 

Pigment  embolism  is  said  to  occur  in  intermittent  fevers  when  the 
blood  becomes  loaded  with  pigment,  and  to  cause  obstruction  of  capil- 
laries and  small  arteries.  But  it  is  probable  that  in  these  cases  the 
pigment  is  contained  in  cells. 

Parasitic  Embolism. — Small  animal  parasites  may  get  into  the 
circulating  blood  and  block  up  a  vessel  which  they  are  too  small  to 
pass  through.  This  process  is  common  in  certain  animals — e.  g.^  a 
worm  called  strongylus  armatus  lodges  in  the  mesenteric  arteries  of 
horses,  where  it  produces  small  aneurisms.  But  such  an  occurrence 
is  unknown,  or  excessively  rare,  in  the  human  subject. 


CHAPTER  VIII. 


PATHOLOGICAL  RELATIONS  OF  BLOOD-PRESSURE. 

TliK  varying  iimourit  of  pressure  exerted  by  the  blood  upon  the 
Willis  of  the  vessels  containing  it,  is  so  important  a  factor  in  many 
patlioloeical  processes  that  it  is  desirable  to  give  a  short  summary  of 
what  is  known  on  this  snbjert.  The  pressure  of  fluids  on  vessels  ooii- 
taininji;  them  requires  to  be  consiilere<i  as  hydrostatic  tmd  hydro- 
dynamic  pressure  respectively. 

Hydrostatic  pressure  depends  upon  the  weiglit  of  the  tluid,  without 
reference  to  itvS  movements,  and  is  at  any  point  proportional  to  the 
depth  below  the  surface,  while  acting  equally  in  all  directions. 
Hydrostatic  pressure  is  of  no  account  in  the  human  body  except  in 
the  veins,  since  in  the  arteries  the  movements  impressed  upun  the 
blood  by  the  heart  are  so  considerable  tluit  the  pressure  due  to  the 
weif^ht  of  the  blood  is  relatively  unimportant  ami  may  be  ne/*lec(ed. 

Hydrostatic  pressure  in  the  veins  only  becomes  of  pathological 
importance  in  the  veins  of  the  lower  part  of  the  leg,  which  are 
exposed  to  the  internal  pressure  of  a  column  of  tluid  of  a  height 
equal  to  the  distance  from  the  foot  to  the  entrance  of  the  inferior  vena 
cava  to  the  right  auricle,  where,  at  least  during  the  auricular  diastole, 
the  pressure  is  negative.  The  valves  of  the  veins,  though  they  pre- 
vent backward  iJi>w,  do  not  take  off  this  pressure,  since  when  they  are 
open  the  column  of  fluid  is  continuous. 

The  effect  of  this  pressure  is  in  many  cases  to  produce  irregular 
dilatation  (varicose  veins)  and  venous  congestion,  with  the  conse- 
quences already  pointed  out. 

In  addition  to  these  s[iecial  morbid  conditions,  all  di.seases  of  the 
lower  part  of  the  legs  and  the  feet  ha\'e  a  special  character  imparted 
to  them  by  the  venous  pressure.  This  is  especially  seen  in  inflamma- 
tion* of  the  skin,  which  in  this  part  usually  show  more  congestion 
than  elsewhere,  liavt?  a  deeper  color,  and  are  cspeci;dly  liable  to  Ije 
followed  by  pigmentation.  Dropsy,  from  impeded  circulation,  as  in 
cases  of  heart  disease,  is  of  earlier  occurrence,  and  usiudly  more  in- 
tense in  these  parts  than  elsewhere. 

Probably  the  same  cause  partly  determines  the  special  incidence 
of  gout  in  the  feet,  where,  the  blood-current  being  delayed,  deposition 
of  urates  is  more  likely  to  take  place.  The  association  of  an  afl'ec- 
tion  of  the  veins  with  gout  in  the  feet  is  sufficiently  common  to  have 
suggested  the  hyjiothesis  that  phlohitis  is  a  (local)  cause  of  gout.  Hut, 
after  all,  gout  begins  in  the  joints. 

Hydrodpnamic  Pressure. — The  pressure  exerted  by  the  moving 
blood  u(MHj  the  Malls  of  the  vessels  is  a  varying  one,  and  modified  by 
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four  chief  factors — (1)  variations  in  the  volume  of  the  blood ;  (2) 
variations  in  the  capacity  of  the  vascular  system ;  (3)  facility  of  out- 
flow of  the  blood  from  arteries  into  capillaries ;  (4)  the  force  of  the 
heart. 

To  understand  the  first  cause  of  variation,  we  must  leave  out  of 
consideration  for  a  moment  the  action  of  the  heart,  and  supptose  the 
blood  to  be  either  at  rest  or  moving  uniformly  along  the  vessels.  It 
will  then  exert  a  certain  pressure  on  the  walls  of  the  vessels,  which 
pressure  is  a  force  acting  uniformly  in  all  directions.  The  resistance 
of  the  vessel  walls  must,  by  hypothesis,  be  a  force  equal  and  opposite 
to  this.  Now,  since  blood,  like  water,  is  an  inelastic  fluid,  there 
would,  if  the  vessel  walls  were  perfectly  rigid,  be  no  room  for  varia- 
tions in  the  volume  of  blood.  But  the  vessel  walls  are  distensible 
and  also  elastic  ;  so  that  they  can  both  hold  varying  amounts  of  blood, 
and  also  exert  a  tension  proportional  to  the  varying  force  of  the  blood- 
pressure.  Hence  blood-pressure  and  tension  in  the  walls  of  vessels 
are  corresponding  terms.  We  can  reproduce  the  conditions  if  we 
force  water  into  a  thin  India-rubber  tube  of  which  one  end  is  closed, 
or  partially  closed,  so  that  the  passage  of  fluid  is  retarded ;  the  India- 
rubber  will  be  distended,  its  elasticity  brought  into  play,  and  there  is 
a  certain  degree  of  tension  in  the  India-rubber  with  corresponding  fluid 
pressure  in  the  water. 

The  blood  vascular  system  as  a  whole  represents  such  an  India- 
rubber  tube  which  is  slightly  over- distended — that  is,  distended  so  far 
as  to  bring  its  elasticity  into  play  to  a  certain  extent.  This  elasticity 
is  most  marked  in  the  arteries ;  veins  and  capillaries  possessing  very 
little,  or  in  some  parts,  perhaps,  no  elasticity. 

If  now,  the  volume  of  the  blood  be  increased  by  the  formation  of 
more  blood,  or  by  the  absorption  of  more  fluid,  as  must  always  hap- 
pen after  a  meal,  or  after  ingestion  of  large  quantities  of  liquid,  the 
blood-pressure  and  corresponding  tension  of  the  walls  will  rise.  The 
increased  blood-pressure  will  continue  until  the  capacity  of  the  vascu- 
lar system  is  enlarged.  This  enlargement  is  brought  about  in  life  by 
relaxation  of  the  muscular  fibres  in  the  arteries  under  the  influence 
of  the  vaso-motor  nerves ;  and  by  direct  enlargement  of  the  veins, 
which,  being  perfectly  clastic,  give  way  to  increased  pressure.  The 
capacity  of  the  capillaries  varies  under  such  circumstances  very  little. 
There  may  also  be  an  opening  up,  or  at  least  very  great  enlargement, 
of  collateral  channels  not  used  before. 

In  this  way  the  v.ascular  system  may  make  room  for  greatly  in- 
creased volumes  of  blood  without  any  permanent  rise  of  pressure. 

This  condition  can  hardly  be  imitated  experimentally,  but  would 
be  paralleled  if  we  imagine  a  larger  tube  substituted  for  that  with 
which  we  began  the  experiment.  It  is  obvious  that  a  larger  amount 
of  fluid  could  be  contained  without  increased  tension. 

Now,  on  the  other  hand,  let  us  suppose  the  volume  of  the  blood  to 
be  diminished,  either  by  a  large  hemorrhage,  or  by  loss  of  water, 
through  copious  and  rapid  diarrhoea  or  profuse  perspiration. 

In  this  case  there  will  be  an  immediate  fall  of  blood-pressure,  and 
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corresponding  loss  of  teiii^ion  in  tlu-  walls  (iilce  jiii  IiKliii-rubber  tub© 
not  contiiiniiig  water  enough  to  keep  it  dislpridcH]).  arnl  this  will  last 
until  compensation  is  elTwteii  by  a  diminution  in  tlic  ciipacity  of  the 
contiiiuin^  vessels.  Their  capacity  will  be  diminiaheil  by  contnictiou 
of  the  muscular  walls  of  arteries  under  the  influence  of  the  vaso- 
motor nervt-s,  imd  perhaps  also  by  c:ontraction — partly  tuuscular, 
partly  fibrous — of  the  walls  of  veins,  till  at  length  the  whok*  vascular 
system  will  have  contracted  down  upon  the  diminisheil  volume  of 
blood,  and  the  pressure  (and  tension)  may  be  as  high  as  before.  This 
mechanism  i.s  set  iu  action  (according  to  Cohnheim)  by  the  fact  that 
anemia  is  a  direct  stimulant  of  the  vaso-mntor  centre  in  the  medulla 
oblongata.  Hence  los8  of  blooiJ,  especially  if  it  be  sudden,  cjuises 
stimulation  of  tliis  centre,  and  contraction  of  all  the  arterial  muscular 
walLq  controlled  by  the  vaso-motor  nerves.  These  conditions  are  not 
imaginary.  The  volume  of  the  blood  is  perpetually  fluctuating,  being 
increased  by  ingestion  of  food  and  drink,  diminished  by  cgestion  of 
feces,  urine,  and  sweat;  ami  these  fluctuations  would  produce  more 
permanent  changes  in  blood-pressure  if  they  were  not  equalised  by 
the  compensatory  mechanism  above  referred  to. 

It  should  be  remembered  that  the  fluctuations  in  th<>  volume  of  the 
blood  are  also  compensate*!  by  increa-sed  transudation  in  the  case  of 
excessive,  and  increases!  alisorption  of  fluid  in  the  case  of  inadequate 
volume.  But  this  is  a  slower  process  than  the  compensation  by 
changes  in  the  capacity  of  the  vascular  system.  The  latter  is  an 
aft'air  of  minutes  or  even  seconds  (experimenUilly) ;  the  former,  of 
hours  01*  days, 

Blood-pressoxe  as  Influenced  by  the  Capacity  of  the  Vessels. — If 
the  capacity  of  the  va.scu!ar  channels  be  diuiinished  without  change  in 
the  volume  of  blood,  as  will  happen  if  any  large  channels  are  closed, 
or  if  the  muscular  walls  of  the  ves.*!.els  either  generally  or  in  any  large 
division  of  the  system  contract,  tlie  tension  or  blood-pressure  will 
increase  till  it  is  equali'/.ed,  either  by  an  enlargement  of  the  vascular 
system  in  another  direction,  or  (what  can  only  happen  comparatively 
slowly)  a  diminution  in  the  mass  of  the  blood  by  transudation  of  water. 
Conversely,  if  the  capacity  of  the  vascular  system  be  increjised,  as,  for 
instance,  by  a  relaxation  of  the  muscular  coats  of  the  vessels,  either 
generally  or  over  a  considerable  part  of  the  system,  the  tension  is 
relaxed,  and  the  blood -pressure  falls.  But  it  will  rise  again  if  another 
part  of  the  vascular  system  contract  in  a  corresponding  degree,  or  if 
the  ma.ss  of  the  bhuid  be  again  increased  by  the  absorption  of  water. 
Perfect  compensation  is  possible  in  cither  of  these  directions.  Practi- 
cally the  amouiit  of  bh>o(l  sent  into  the  splanchnic  ves-sels,  and  thus 
into  the  abduruinal  viscera,  is  one  of  the  most  important  conditions 
regulating  the  amount  contained  in  the  rest  of  the  vsvscular  system.  Tt 
is  calculated  that  these  vessels  may  lie  dilated  so  as  to  contain  all  the 
Wood  in  the  body  ;  and  in  tlie  condition  of  shock  they  do  contain  so 
much  as  to  render  the  other  arteries  and  veins  almost  empty,  with  a 
corresponding  fall  of  pressure. 

Limitation   to  Arterial  Blood-pressure, — The  changes  just  men- 
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tioned  are  quite  possible,  and  theoretically  must  have  the  effect 
ascribed  to  tlietn ;  but  they  are  practically  of  no  great  importance, 
because  we  cumiot  recognize  the  pressure  in,  or  the  capacity  of,  the 
vascular  systetn  us  a  whole.  Our  knowledge  is  almost  confined  to 
changes  of  cjilibre  and  pressure  in  the  arteries.  But  it  does  not  folluw 
that  these  are  accompunied  by  corresponding  changes  in  the  reins. 
It  is  rather  probable  that  there  is  a  converse  relation,  so  that  when  the 
arteries  are  contracted  the  veins  are  dilated,  and  vice  versa.  \\y 
blood- pressure  is  generaliy  understood  arterial  tension. 

Wo  shall,  therefore,  now  confine  ourselves  to  the  considemtion  of 
modificiitinns  of  ortrrial  bIo<nl-pressurc  as  produced  by  changes  in  the 
capacity  of  the  artenol  system.  For  though  temporary  tluotuationi^  in 
the  volume  of  the  blood  will  iuHueiice  the  arterial  blood- pre&sii re  tem- 
porarily, fur  reasons  stated  above  these  disturbances  are  i-peeilily 
couipetJsattMl.  and  hence  the  chiof  practically  important  coniHtiori  is  liie 
varying  capacity  of  the  arterial  .system. 

In  order  to  get  a  precise  conception  of  the  way  in  which  this  acts, 
let  us  suppose — what  is  a  cummoii  occurrence — the  ligature  of  a  large 
artery,  sucii  as  the  femoral,  or  the  application  of  Esinarch's  bandage 
to  the  limb,  by  which  a  notable  portion  of  the  arterial  sy-stem    is  cut 
ofl'  without  any  <lirninution  in  the  mass  of  the  blood.     It  would  seem 
as  if  the   tension   in   the  arteries  of  the  re.«>t   of  the  body   must  be 
immensely  raised.     We  think  of  the  danger  of  ruptured  vessels  and  90 
forth.     But  what  is  the  catse  'i     There  is  indeed  a  rise  of  presi.sure,  but 
only  a  temporary  one.     After  a  few  minutes  or  even  (in  experiments) 
some  seconds,  the  blood-pressure  falls  to  what  it  was  before.      What  is 
the  explanation  of  this  result?     It  dearly  cannot  be  due  to  any   cor- 
responding reduction  in  the  volume  of  tJie  blood,  as,  for  instance,  by 
increased  transudation.     Such   a    process    could    not   be    effected    so 
rapidly.     There  are  only  two  possible  explanations.     One  is  that   the 
relative  excess  of  blood  for  which  there  is  not  room  in  the  diminished 
arterial  system  may  be  stowed  away  in  the  veins.     This  is  not  impos- 
sible ;  but  even  in  that  case  there  is  reason  to  believe  that  though 
there  wnuhl  not  be  more  blood  in  the  arteries  their  tension  would  be 
raised. 

The  oidy  alternative  ex|ilanation  seems  to  he  that  the  caji.acity  of 
the  remaining  portion  of  the  arterial  .system  becomes  increased,  and 
the  tension  lowered  in  a  correspombng  degree.  To  understand  this 
we  must  remember  that  ilie  capacity  of  the  arteries,  being  controlled 
by  their  varying  calibre,  is  constantly  tiuctuating.  The  smooth 
muscle-fibres  in  their  walls  are  contracting  or  dilating  continually  in 
response  to  various  stimuli.  These  changes  are  doubtless  tnost  marked 
in  the  smaller  arteries  or  arterioles,  because  their  walls  are  relatively 
more  muscular  ;  but  wherever  smooth  mu.scular  tissue  exists  it  is 
subject  to  the  same  laws,  and  we  can  only  understand  these  conditions 
by  regarding  the  arterial  system  as  a  whole,  not  selecting  one  portion 
for  exclusive  attention.  We  have  then  to  inquire  what  is  the  normal 
regulative  or  adaptive  mechanism  influencing  the  capacity  of  arteries. 
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Normal  Regulative  Machinery  of  Arteries. — Under  normal  condi- 
ti«nis  tliu  capacity  of  the  arteries  depends  upon  their  vnryiii^f  calibre, 
as  influenced  by  the  contraction  of  the  smooth  muscle-fibres  in  their 
walls.  These  muscles  are  controlled  through  the  vaso-motor  nerves  by 
a  nerve-centre  (t!be  vaso-motor  centre)  in  the  medulla,  oblongata,  and 
locally  by  centres  in  the  sympathetic  ganglia  of  different  parts,  and 
probably  also  by  centres  in  other  parts,  of  the  spina!  cord,  acting 
tlirouf^h  the  vaso-motor  nerves, 

The  function  of  the  vaso-molor  centre  is  to  produce  a  vascular  tone, 
or  a  state  of  contraction,  in  the  different  parts  of  tlio  arterial  system. 
If  the  centre  he  stimulated,  this  tonic  contraction  is  iuereased.  Such 
9.  .stimulation  is  usually  reflex,  de|)endiu<»;  on  a  stimulus  transmitted  by 
a  peripheral  nerve  to  the  centre,  and  then  affects  the  part  from  which 
the  stimmhis  is  transmitted.  The  state  of  the  blood,  or  something 
contained  in  it,  may  also  act  as  a  stimulug. 

Wiiother  the  vaso-motor  centre  can  act  automatically  without  any 
extrinsic  stimulus  is  aii  intricate  physiological  question  which  need 
not  be  here  discussed.  It  is  not  necessary  to  suppose  (what  indeed 
perhaps  never  occurs)  that  the  tone  of  the  wiiole  arterial  system  is 
simultaneously  increased.  If  contraction  be  caused  in  a  part  only, 
blood  will  be  held  back  from  this  part,  and  tlie  pressure  in  the  whole 
ayatem  raised.  Conditions  of  tliis  kind,  together  with  certain  conse- 
quences following  upon  them,  are  probably  the  most  frequent  cause  of 
a  tenifiorary  rise  of  bloorl-pressure.  It  is,  however,  very  improbable 
that  permanent  rise  of  arterial  blood-pressure  is  thus  produced.  Since 
even  the  shutting  off  of  the  blood  from  a  large  arterial  district,  as  in 
the  ligature  of  the  main  artery  of  a  limb,  has  only  a  transitory  effect 
on  the  circulation,  we  cannot  suppose  that  permanent  obstruction  to 
the  pnss4ige  of  blood  through  a  single  organ,  for  instance  tlie  kidney, 
as  in  cirrhotic  nephritis  (granular  kidney),  can  produce  a  permanent 
rise  of  blood-pressure. 

If  the  vaso-motor  centres  be  paralyzed  (iuhiliited),  or  their  connection 
with  the  arteries  cut  off,  relaxation  of  tone,  with  consequent  dilatation 
of  the  vessels,  take.s  place,  and  the  general  arterial  pressure  falh.  It 
is  probable  that  this  effect,  too,  is  often  produced  in  a  reflex  manner 
by  nervous  disturbances  conveyed  from  peripheral  parts;  but  it  is  not 
quite  clear  under  whiii  condition.'^  sucJj  disturbances  cause  reflex  con- 
traction or  rcflt'X  dihitatioji,  respectively,  of  the  vessels.  The 
phenomena  of  dihitatiun  have  been  spoken  of  under  Ilyperiemia. 

A  serious  disturbance  applied  directly  to  the  va^so-motor  centres 
causes  the  phenomenon  called  ahovk^  the  obvious  sign  of  which  ia  a 
loss  of  tone  in  the  superficial  arteries,  together  with  a  large  accumula- 
tion of  blof  d  in  the  splanchnic  vessels.  Sensations  of  pain  also  lower 
the  arterial  blood-pressure,  and  certain  drugs  have  the  same  effect, 
probably  by  causing  rehixation  of  certain  arterial  territories,  especially 
that  of  the  splanchnic  vessels. 

In  the  al>ove  considerations  we  have  been  careful  to  take  no  account 
of  the  action  of  the  heart.  All  the  variations  referred  to  would  occur 
etiually  if  the  blood  were  moving  uniformly,  and  not  in  an  intermittent 
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manner.  Some  would  be  very  nearly  the  same  even  if  the  blood  were 
at  rest.  We  Imve  now  to  consider  how  blood-pressure  is  iiifluenceil 
bv  condition.s  affecting  the  pajfsuge  of  blood  from  one  part  of  tht* 
circulatory  apparatus  to  another — that  is,  from  the  arteries  to  the 
veins;  and,  finally,  the  dependence  of  blood- pressure  on  the  action  of 
the  heart  itself. 

Increase  of  Peripheral  Eesistance  :  Obstruction  to  Ootfiow. — The 
above-descrit>c?<l  variations  in  the  size  of  arterie.s  affet^t  most  all  of  the 
smaller  vesi^els,  in  which  the  muscular  coat  predominates,  ne.xt  the 
medium-sized,  but  have  little  effect  on  the  aorta.  From  this  fact 
results  an  important  relation  of  the  contraction  of  smaller  arteries  to 
the  heart  and  circulation.  The  contraction  of  these  arteries,  which  are 
neces.sarily  those  most  distant  from  the  heart,  hinders  the  outflow  of 
blood  from  the  arterial  system  into  the  capillaries.  In  other  vrords,  it 
increases  the  resistance  which  the  heart  has  to  overcome.  There  is 
some  reason  to  think  that  the  spasm  of  the  smaller  arteries  may  occur 
without  the  larger  ;  but  it  is  difficult  to  prove  that  the  latter  are  not 
aflVcted  at  the  same  time. 

Thus  it  will  be  evident  that  if  the  peripheral  resistance  be  iucreiued, 
the  heart's  action  will  have  to  he  stronger  in  order  to  produce  the  same 
uniform  flow  as  before,  with  the  result  of  increased  blood-pressure. 
Again,  since,  according  to  well-known  physiological  laws,  the  elasticity 
of  the  arterial  walls  is  an  imjiortant  factor  in  maintaining  the  circula- 
tion, rigidity  or  loss  of  elasticity  increases  the  peripheral  resistance, 
anil  so  the  blood-pressure. 

If  the  arteries  are  relaxeil,  the  peripheral  resistance  is  diminished. 
the  hearts  w«>rk  is  lightened,  and  the  pressure  falls. 

Blood-pressure  as  inflaenced  by  the  Heart. — Having  considered 
the  influence  of  variations  in  the  blood  and  in  the  capacity  of  the 
vessels  on  the  arterial  blood-pressure,  we  have  now  to  consider  how  it 
is  affected  hy  the  force  of  the  heart's  contractions. 

The  tension  in  the  arteries  obviously  depends  upon  the  force  of  the 
blood-current  and  tlie  amount  of  resistiince  which  it  has  to  encounter 
in  the  arteries  and  capillaries.  If  the  left  ventricle  contracts  more 
forcibly  without  the  resistance  being  diminished,  the  pressure  must 
rise.     If  it  contracts  more  feehly,  the  pressure  will  fall. 

If  the  [)eri(tlieral  resistance  be  increased,  some  mechanism,  not  yet 
precisely  uiidei*slood.  exists  by  which  this  increase  is.  in  normal  con- 
ditions, always  fallowed  by  a  more  forcible  contraction  of  the  heart,  so 
that  the  obstacle  is  overcome,  while  at  the  same  time  the  pressure 
rises. 

Causes  of  Increased  Arterial  Fressore  will  then  be:  1.  More 
forcible  contraction  of  the  heart,  which  may  be  produce<l  physiologt- 
i^aUjf  by  abundant  food  and  increased  vigor  of  the  body  generally ; 
patholo^calhf,  by  hypertrophy  of  the  heart,  unless  there  be  some 
compensating  defect.s,  such  as  imperfection  of  the  valves,  orweaketiing 
of  the  muscular  substance  of  the  heart  (by  degeneration).  Certain 
drugs^  also,  such  as  digitJilis,  etc.,  have  a  transitory  effect,  and  iron  a 
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more  peniifinent  effect  in  atrengtbening  tbe  heart  and  thus  raising  the 
arterial  pressure, 

*2.  Increase  of  tlie  peripheral  resistance.  This  resistance  depeods 
upon  (ft)  the  state  of  iho  arteries;  (/»)  the  state  of  tlio  cupilhiries. 

(c()  Resistance  in  tlie  arteries  is  ineroa^ed  by  tt-injiui'ary  narrowinij, 
by  oonlraction  of  their  uinsciilar  walls,  espeeially  in  the  smaller 
arteries,  bv  rijiiditv,  or  loss  of  ehisticitv  in  their  walls,  and  by  unv 
causes  (such  as  the  disease  atheroma)  which  permanently  dimirvish 
their  calibre. 

(A)  Resistance  in  the  eapillaries  depends  on  friction,  and  thus  i.s 
influenced  by  vnriations  in  the  calibre  of  the  capilhiries,  whicli  ;ire, 
however,  as  yet  imporfectly  explained.  It  is  jilso  itiHueuceil  by  the  rela- 
tions between  the  blond  and  the  capillary  wall.  If  the  latter  be  dead, 
netxotic  or  even  dcij;enerated  at  any  part,  blood  passsa  throu<:h  witli 
more  difficulty.  It  is  not,  however,  known  us  yet  that  there  is  any 
general  condition  of  this  kind  in  the  systemic  capillaries  as  a  whole. 
In  the  pulmonary  circulation  inijwrfcct  respiration  ctiuses  an  obstacle 
to  the  passage  of  blood  through  the  jtulmonary  capilhiries.  with  conse- 
quent rise  of  pressure  in  the  pulmonary  artery  and  right  ventricle, 
showing  the  effect  of  altered  relations  between  the  vessels  and  the 
blood.  It  will  follow  that  a  change  in  the  blood  might  be  the  cause 
of  its  finding  a  greater  resistance  in  the  systemic  capillaries;  but  it  is 
not  clear  what  kind  ofL-hiingc  has  tliis  effect. 

Increased  perijiberal  rcsisttince  produces,  generally  speaking,  slower 
action  of  the  heart. 

Gauaea  of  Lowered  Arterial  Pressure  will  be:  1.  Weaknens  of  the 
hearty  which  mny  be  produced  by  want  of  food,  immition,  or  any  form 
of  cachexia,  iimemia,  etc.,  or  by  change  in  the  muscular  substance  of 
the  heart,  such  as  fatty  degeneration,  or  by  defects  in  the  valves  which 
intcriere  with  the  proper  expulsion  of  blood  fnnn  the  left  ventricle. 

Certain  drugs  also  weaken  the  action  of  the  heart,  as  antimony, 
mercury  in  large  doses,  and  most  metallic  poisons,  strong  purgatives 
and  euictics. 

2.  ffiininlski'd  peripheral  regiitance. — Practicidly  this  refers  only 
to  resistance  in  the  arteries,  which  is  diminisheil  whenever  the  walls 
are  relaxed  and  the  tone  lovered  in  the  whole  or  any  considerable 
division  of  the  arterial  system.  These  are  the  same  conditions  as 
those  of  nn  increase  in  the  volume  of  the  arteries  already  pointed  out, 
and  these  two  effects  are  produced  concurrently,  since  it  is  evident 
that  a  widening  of  the  arterial  channels  causes  less  resistance  to  be 
offerevi  to  tfic  How  of  blood. 

iMminishcd  resistance  will,  as  a  general  rule,  accelerate  the  action 
of  the  heart. 

delations  of  Blood-pressare  to  Pulse. — The  variations  above  spoken 
of  in  the  mean  artori.d  pressure  have  no  necessary  relation  to  the 
pulse.  The  effect  of  the  lailse-wive  in  the  artery  is  to  produce  a 
momentary  rise  of  pressure,  followed  by  a  fill.  The  apparent  height 
of  the  pulse-wave  depends  upon  the  difference  between  these  two 
extrome-s,  not  upon  the  niean  pressure.      Wc  may  hnve  a  strong  puk' 
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witli  a  high  or  ii  low  jircs.siirc-,  jind  su  of  a  wvak  puke.      Hence  the 
following  cotiibiiiutioii  •  are  possible. 

Strong  Pulse  with  High  Blood-pressure. — Tliis  occui's  when  the 
perijtheral  resistauce  Una  liCL-n  inoreastd  in  consequence  of  some  affec- 
tion of  the  arteric3.  arnl  the  heart  has  undergone  a  compensatory 
hypertrophy.  Tlie  pulse  is  tlescribed  as  ''strong  and  hard."  It  is 
seen  in  many  cases  of  Bright'.s  disease.  A  similar  condition  is  pro- 
ducetl  hy  ergot,  winch  contr;irl,s  the  arterie.s. 

Strong  Pulse  with  Low  Blood-pressure  is  found  when  the  peripheral 
resistance  is  diuiiiiished  hy  relaxation  of  the  arteries  without  the  force 
of  the  heart  being  iiupnired.  It  occurs  in  ''sthenic"  inHiintinations^ 
in  early  stages  of  fevers.  The  pulse  is  described  fus  "  full  and 
bounding." 

A  similar  condition  is  produced  by  nitrite  of  amyl,  nitro-glyccrino, 
etc.,  which  produce  relaxation  of  arteries  with  violent  throbbing.  It 
is  generally  the  condition  of  active  (paralytic)  hy|)eriemiu. 

Weak  Pulse  with  High  Pressure  is  seen  when  the  resistance  is 
increased,  but  tbe  heart  eufet'hh'il  ;  so  that  the  circulation  is  carried 
on  with  difhcuMy.  El  is  observed  in  later  .stages  of  Brighl's  disease. 
A  similar  condition  occurs  in  pi-ritotiitis  and  other  abdominal  inflaiu- 
niatious,  and  i.s  ealk-d  the  ''small  wiry  '  pulse. 

Weak  Pulse  with  Low  Pressure. — Thi.-?  indicates  weak  action  of  tJie 
heart  und  want  of  tone  in  the  arteries.  It  is  found  in  heart  weakness 
from  any  cause,  as  in  anaemia,  conap.se,  etc.  The  most  marked  form 
occurs  in  collapse  prei-eding  death,  or  in  shock  from  injury.  The 
pulse  is  called  small  and  compressible. 

Recognition  of  High  and  Low  Arterial  Pressure  or  Tension. — In 
experiments  on  animals  these  conditions  are  recognized  by  a  manom- 
eter inserted  into  the  artery,  but  in  clinical  observation  they  arc 
known  by  the  amount  of  external  pressure  necessary  to  compress  the 
arteries  completely.  The  instruments  used  for  this  purpose  are  not 
perfectly  satisfactory,  but  some  valuable  indications  are  given  by  the 
sphvgmogruph. 

Fio.  7. 


I'm !««?- tract!  fn>m  Jieallliy  tniiu 

n:;^*uminit  wiivw;   r-=liHuI  wave;   6  =  (lirmtic    WAve;  »t=ftfirtic  notch  i   ti-^mnd  nt 
tin*  of  deeooni.  iMnifiu'nccnient  «>f  aM«iit. 


If  we  lake  Fig.  7  as  a  typical  pulse-trace,  it  show.s  the  following 
features:  (1)  line  of  ascent,  ('2)  summit  iXrave.  (3)  tidal  wave,  (4) 
dicrotic  wave,  (•'i)  aortic  notch,  (6)  line  of  descent. 

The  summit  wave  represents  the  highest  pressure  and  createst 
dilatation  of  the  artery  due  to  the  ventricular  systole.      After  thi* 
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wave  distinct,  tljc  tidal  wave  small,  the  aortic  notch  deep,  the  dicroGc 
wave  well  murked,  luul  the  line  uf  descent  siKhleri  (B.  Foster). 

The  ciHwlitinu  uf  hi^rh  tension  is  roughly  recognized  bv  the  incom- 
pres-sihiiitv  of  the  ra<lial  artery,  best  tested  by  rolling  tlie  artery 
laterally  under  the  finger,  attending  to  the  condition  of  the  icallj  not 
to  the  pulse.  A  sense  of  hardness  and  incoraprefisibility  shows  high 
tension,  nnless  it  be  due  to  rigidity  of  the  walls.  The  latter  couditiou 
will,  however,  generally  give  rise  to  irregular  hardness,  recognixed  by 
feeling  the  artery  in  a  longitudinal  direction. 

The  hardness  of  tension  is  also  recognized  by  disappearing  under 
the  influence  of  nitrite  of  aruyl,  chloroform,  etc.,  and  is  modified  even 
by  a  warm  bath. 

Certain  signs  connected  with  the  heart  also  indicate,  less  certainly, 
iucrea!?.cd  arterial  lensi«in.  vi/,. :  prolongation  and  sometimes  redupli- 
cation of  tilt-  first  sound  in  the  left  ventricle,  and  accentuation  of  the 
secunil  sound  in  ihe  aurta.  as  con)])arfd  with  the  same  sound  in  the 
puhnotiary  artery.  A  strong  lieavitig  impulse,  showing  hvpvrtrophy, 
is  felt  at  tht'  apex  beat,  different  from  the  hurried  tapping  of  nervous 
palpitation.  The  area  of  cardiac  dulness  is  very  generally  increased. 
but  not  always,  so  that  the  absence  vi'  this  sign  must  not  be  regarded 
a.H  excluding  the  diagnosis  of  cardiac  hypertrophy. 

In  chronic  or  peinrauent  high  arterial  tension,  hypertvophj  of  tb« 
heart,  es[)et^ially  of  the  left  ventricle,  always  results.  There  is  also 
hypertrophy  of  the  muscular  walls  throughout  the  arterial  system. 
Athcrouui  is  rarely  wanting  in  the  aorta,  and  is  often  seen  in  other 
arteries.  Regarded  in  its  most  general  asjiect.  atheroma  is  a  thirk- 
euingand  strengtheuiug  of  the  arterial  walls.  cause<l  by  higher  pressure 
and  enabling  theai  to  bear  it.  It  may  be  compared  to  thickening  uf 
the  epidennis  by  pressure  or  friction.  This  thickening  is,  however, 
always  accompanied  by  luss  of  elasticity,  and  thus  becomes  so  far  *. 
hindrance  to  the  circulation. 

Increa.se<l  arterial  tctisii  n,  as  a  ride,  iucrea.ses  the  amount  of  water 
which  passes  out  in  mine 

The  Signs  of  Temporary  High  Arterial  Tension  may  be  thus 
summed  up : 

1.  lucitmpressibility  and  evident  tension  of  the  arteries. 

2.  Acci-ntuntion  of  the  second  sound  of  the  heart  in  the  aorta. 

3.  Pn  lungation  or  reduplication  of  the  first  sound  in  the  left  ven- 
tricle. 

4.  Abundant  urine,  often  pale  and  watery. 

5.  A  peculiar  pulse-tnice  with  the  sphygmograph. 

The  signs  of  prrtnanent  high  arterial  tension  are  th©  same  with,  in 
addition,  some  evidence  of  hypertrophy  of  the  left  side  of  tlie  he»rt 
and  perhaps  of  atheroma  of  the  aorta. 

Temporary  rise  of  art*ial  tension  is  produced  by  muscular  exer- 
tion, also,  in  a  less  transitory  form,  by  constipation.  It  occurs  in  cer- 
tain fonus  of  headache  and  in  anyina  pectoris. 

Certain  drugs,  especially  iron  and  strychnia,  raise  the  pension. 
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Chronic  higli  tension  is  most  conspicuous  in  Bright's  diseaj^e, 
especially  the  form  culled  contracting  granular  kidney  ;  also  in  "gen- 
eral arterial  disease,  and  po.saib]y  in  a  state  anterior  to  kidney  disease 
but  leading  to  it. 

Its  moat  notiible  consequences  are  strain  upon  the  circulatory 
apparatus,  producing  atlrerouia  and  other  arterial  chancres,  and,  as  a 
consequence  of  these,  liability  to  rupture,  that  is,  to  lietnorrhage.  A 
certain  form  of  headache  often  results. 

It  is  ft  remarkable  fact  that  anieuiia — that  is,  the  chlorotic  form- 
is  often  marked  by  high  arterial  tension.  This  apparently  paradox- 
ical fact  ir*  probably  to  be  explained  thus  :  We  have  seen  that  after 
sudden  hemorrhage  there  is  a  contraction  of  the  arterial  system, 
which  adapts  it  to  the  diminished  volume  of  blood  and  keeps  up  the 
tension.  This  shows  that  an:emia  generally — i.  e.  imperfect  supply 
of  oxygen — stimulates  the  vaso-niotor  centre.  Now  in  chlorotic 
anaemia,  where  deficiency  of  red  globules  is  the  main  feature,  there 
will  also  be  deficient  supply  of  oxygen  to  the  vaso-motor  centre,  and 
hence  it  will  be  stimulated  in  the  same  wny  as  by  loss  of  blood. 

Eecagnition  of  Low  Arterial  FresEiure  or  Tension.- — Lom  tension  is 
recognized  during  life  by  the  compressibility  of  the  arteries,  inde- 
pendently of  the  strength  of  the  [)ul8e.  In  extreme  cnses  the  puise  is 
dicrotic,  producing  to  the  finger  a  sensation  of  a  doable  wave  or  a 
rippling  pulse. 

It  is  seen  in  (1)  some  forms  of  anicmia.  Certain  cases  of  chlo- 
rosis are,  however,  an  exception,  as  in  them  the  pressure  may  be  nor- 
mal or  even  high.  Tlie  explanation  of  these  cases  luis  just  been 
suggested. 

2.  Weakness  of  the  heart  from  any  cause.  Hence  in  fatty  degen- 
eration of  the  heart,  or  in  the  degeneration  of  the  heart  substance 
which  occurs  in  fevers.  These  states  of  the  heart  are  accotnpanied 
by  weakness  of  the  fii-st  sound.  The  same  result  is  produced  by 
inanition,  imd  by  the  action  of  substances  which  depress  the  cardiac 
force — '•.//.,  antimony. 

3.  Imperfect  action  of  heart  from  defect  in  the  valves,  especially 
leakage  at  the  mitral  valve,  which  prevents  the  pressure  in  the  left 
ventricle  fi"<>m  rising  to  its  normal  amount,  and  tlius  lowers  the  arte- 
rial pressure  generally. 

.    In  all  these  cases  the  arteries  are  small  or  comparntively  empty. 

4.  In  the  condition  of  fever  which,  by  vaso-motor  paralysis,  causes 
dilatation  of  arteries  and  diminishes  peripheral  resistance.  Here  the 
artery  is  full  but  soft,  and  the  pulse  may  be  large.  In  extreme  cases 
the  dicrotism  of  the  pulse  is  well  marked. 

Low  jiressure  is  produced  by  tlie  action  of  jjurgatives  rr  any  cause 
producing  copious  intestinal  discharges,  and  in  its  extreme  form  passes 
into  collapse. 

Al.«-o  by  certain  drugs,  such  as  nitrite  of  amyt,  nitro- glycerine,  and 
the  nitrites,  which  produce  vaso-motor  paralysis.  Also  by  alcohol  and 
chloroform  in  certain  doses. 
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The  consequences  are  general  weakness  and,  if  the  condition  be  of 
long  duration,  imperfect  nutrition,  probably  from  deficient  transudation 
of  blood-plasma  into  the  tissues. 

In  the  condition  of  low  pressure  the  urine  is  scanty,  since  the 
amount  of  urinary  water,  independently  of  the  solid  constituents, 
appears  to  vary  directly  as  the  pressure  in  the  capillaries  of  the  Mal- 
pighian  tufts.  When  the  blood-pressure  in  the  aorta  fells  below  forty 
to  fifty  millimetres  the  excretion  of  water  by  the  kidneys  is  entirely 
arrested  (Power's  Human  Physiology). 


CHAPTER  IX. 


INFLAMMATION. 


Since  tins  is,  perliaiw.  in  its  practical  bearings,  the  most  important 
subject  in  pathology,  it  is  verv  net-essaiy  to  have  clear  notions  of  wlnit 
we  mean  by  it. 

Numerous  definitions  liiive  b<;en  given  of  tnflaniiuation.  Tlttit  of 
Celsus  was  ut  one  time  familiar  t<>  all  mediral  sttidents,  but  in  the 
pre.'^ent  day  may  bave  to  be  ijuoted  :  *'  The  murks  of  inflammation  are 
fonr — redneas  ami  MirfUtiuj,  with  hi'tit  and  pixin." 

These  four  e;liaracters  are  simetimi'S  called  tite  fiinlinjil  signs  of 
iuflamniatiou.  Translated  into  modern  pathological  language,  redness 
and  heat  are  signs  of  arterial  hypenemia.  Swelling  depends  upon 
VHSfidar  fulness  and  exudation,  while  pain  is  the  result  of  the  action 
of  the  other  ehanses  on  tlie  sensorv  nerves?. 

Now  it  is  a  matter  of  familiar  observation  that  changes  such  as  these 
can  he  produced  in  external  parts  by  injuries  chemical,  »diysical  or 
mechanical,  provided  the  injury  be  not  so  powerful  as  entirely  to 
destroy  the  vitiility  of  the  part. 

A  finger  absolutely  destroyed  by  forcible  crushing,  a  portion  of  skin 
killed  by  caustic,  any  pait  of  the  body  rendered  necrotic  and  lifeless 
by  froat,  is  not  said  to  be  inflamed,  as  it  is  manifestly  incapable  of  the 
above-mentioned  tdiangcs ;  but  neighboring  parts,  or  those  which  have 
undergone  a  slighter  degree  of  the  same  injury,  will  show  active  hyper- 
lemia  with  swelling  and  disturbance  of  sensation — i.  <\,  inflammation. 

It  is,  therefore,  clear  that  injuries  can  produce  inflammntion,  hut  it 
is  not  at  first  siglit  clear  whether  all  inHammation  is  the  consequence 
of  injury.  In  many  cases,  especially  in  internal  parts,  the  change 
appeals  to  be  spontaneous. 

But  even  these  appiirently  spontaneous  intlainmations  resemble 
those  produced  by  injuries,  and  may  be  reproduced  by  injurious 
agents.  For  instance,  supposed  spontaneous  peritonitis  is  precisely 
like  the  inflammation  produced  by  n  wound  of  the  peritoneum  or  by 
the  injection  into  it  of  some  noxious  substance.  Inflammation  of  the 
perifrardiuiii  may  arise  in  the  couree  of  Bright's  disease,  or  of  rheum- 
atism, precisely  resembling  the  artificial  inflammations  excited  in 
serous  sacs  by  chemical  irritants.  It  is,  therefore,  reasonable  to  con- 
clude that  in  the  apparently  spontaneous  cases  some  injury  will  be 
traced,  if  all  possible  sources  of  such  are  sufficiently  examined 

In  the  case  of  serous  inflammations  occurring  in  Brighl's  disease 
there  is  a  morbid  state  of  the  blood,  which  gradually  lowers  the  nutri- 
tion of  the  bo  ly  till  some  part  or  other  falls  into  the  condition  which 
would  result  from  a  chemical  irritant,  or  from  extremes  of  terapcra- 
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ture  ;  injurious  substant'cs  contained  in  the  blood  also  concurring  in 
effect.  Other  apparently  gpontiineous  iuHainniations  are  attribiUeJ 
with  probahility  to  a  j)ritn{irv  <iisturbance  in  the  nerves,  which  alters 
the  nutrition  of  ji  part  of  the  ti.'^Hues.  and  mjikes  it  liable  to  injury 
from  ordinary  causes.  An  instance  is  tlie  occurrence  of  bedsore  in 
consequence  of  disease  or  injury  of  the  spinal  cord.  The  effect  of  the 
spinal  injury  in  altering  the  nutrition  of  the  tissues  cannot  be  doubted, 
but  the  effects  are  seen  in  the  parts  which  are  exposed  to  pressure,  and 
•where  the  hlood  stugnates. 

Thus  many  iuHauiinations  are  attributable  to  the  effects  of  a  slight 
injury,  combined  with  those  of  disturbed  innervation,  or  changes  in 
the  composition  and  distrihutioii  of  the  blood. 

Definition. — We  may  thus  provisionally  define  inflammation  as 
*'the  series  of  changes  produced  in  a  part  by  some  injury,  provided  this 
be  not  sufficiently  intense  entirely  to  destroy  the  vitality  of  the  part," 
Such  an  injury  may  be  nurhanical,  phiHU'id,  chemical, or,  if  the  effect 
of  living  or^Lianisnis,  what  we  may  cull,  for  the  want  of  n  better  term, 
vital. 

But  since  intlammalion  ^oes  on  so  long  as  the  part  is  datnaged,  ami 
ceases  wlieii  the  part  is  restored  to  its  original  condition,  we  may  go 
further  and  say  broadly  that  the  inflamed  condition  is  the  condition  of 
damage,  or,  in  other  words,  that  injhimmation  is  damage.  All  '\\» 
various  phenouima  may  be  explained  as  resulting  from  the  damaged 
condition  of  different  tissues  or  elements. 

Structural  Changes  produced  by  Injury. — This  conclusion  involves 
one  important  postulate,  namely,  tliat  the  same  change  is  prmluced  by 
all  injuries,  and  within  limits  this  is  true.  That  is,  we  only  reganJ 
and  ipply  the  term  "damaged"  to  the  change  common  to  all  tDe«e 
causes,  though  there  may  be  some  other  changes  special  to  eadi. 

The  action  of  injuries  of  course  varies  with  the  tissue  injured,  and 
some  tissues  are  more  aftected  by  some  kinds  of  injury  than  others. 
But  even  allowing  for  this,  if  we  take  any  single  element  or  tissue  we 
find  that  all  the  injuries,  recognized  as  the  cause  of  inflammation, 
produce  an  alteration  in  it  which  is  substantially  the  same  in  all. 
This  alteration  may  be  broadly  spoken  of  a.s  partial  necrosis  or  local 
deftth,  and  its  results  will  l>e  different  according  to  the  elements 
affected. 

The  tj.ssue-elements  of  any  part  of  the  body  may  be  most  conveni- 
ently regarded  as  consisting  of  the  tiKsue-cclls  (connective,  muscular. 
e|Htlielial,  etc.),  tlie  bloodvessels  and  lymphntic-s,  and  the  nerves. 

The  effect  of  injury  on  the  cells  is  naturally  the  simplest  phenom- 
enon. Here  we  see  nothing  but  destruction  or  damage  in  varioue 
degrees.  The  cells  lose  their  translucency,  become  granular — i.  r., 
sliow,  in  the  first  place,  minute  granules  which  give  a  cloudy  appear- 
ance, and  very  often  become  swollen,  so  that  this  change  was  called 
by  Virchow  cloudy  swelling,  or  parenchymatous  inflammation.  This 
change  is  seen  most  simply  in  epithelial  elements,  which  further  show 
their  loss  of  vitality  by  failing  off  from   their   attachment — ^r".  <?.,  by 
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di'St[tjaniatiori  or  U'lnj;  slied.  A  very  sliglit  injury,  of  whiitever  kind, 
is  aufficient  to  caiisi-  this. 

In  connective-tissue  cells  the  changes  are  somewhat  arabiguous. 
They  swell  up,  lose  their  regular  outline,  an<l  often  appear  to  become 
converted  into  sevornl  elements.  This  brenkiii}:  up  or  division  of  the 
cell  i.s  Ijy  some  regarded  as  n  process  of  gn^wth.  by  others  as  disinte- 
gration. The  jsuljject  will  require  further  con»i(loriition.  But  proA'is- 
ionally  we  must  st^ite  what  we  believe  to  ho  the  ultimate  conclusion  : 
that  injury  by  itself  never  produces  growth  directly,  thoucrh  it  may 
gi\'e  rise  to  iiew-formtition  itidireclly  and  subseipiently. 

In  connective-tissue  fibres,  ii^^ain,  tlie  results  of  injury  are  some- 
what obscure ;  but  we  can  generulJy  see  tluit  the  fibres  l>ecoiue  soiue- 
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Miiiu'iilar  tisKiiL-  from  pliAryu.\  n.  .~^<.i..iiiiiii,  showing  earlieat  stage  of  injury. 

n,  iu<i8rle-fihr«M)  which  hnvc  lost  their  AtHntion ;  b,  uiidci  of  inuDclQ,  ia  some  cases 
enhirued:  '',  UMiivifyto-s  of  the  intorrtitial  timue  increaaofi  in  number;  d,  healthj  mus- 
cular fibro  fi>r  <"oin]Miri9on. 

what  swollen,  looking  broader  than  natural.  But  it  is  veiy  dillicult 
to  regard  the  cliangeu  in  connective  tissue  apiirt  from  changes  in  tiie 
hlooiivessels.  Voluntary  muscle,  being  a  very  sensitive  structure, 
shows  the  effecbi  of  injury  very  clearly.  Tlie  fibres  lose  their  atriation, 
become  more  homofjene<jU3,  or,  as  it  is  said,  vitreous,  and,  with  a  more 
intense  degree  of  injury,  become  granular  and  even  tatty  (Fig.  11). 

Physical  Change  produced  by  Injury, — Without  going  further 
into  details  we  may  say  that  tlie  above  are  visible  gtructural  altera- 
tions which  result  from  the  ju^tion  of  any  injury  on  tissue  elements. 
But  there  is  one  general  physical  change  in  tlie  tissues  apart  f r  m  the 
bloodve&sels  which  is  of  great  iniportaiice.  They  become  less  resist- 
ant, more  distensible,  and  further  suffer  a  loss  of  elasticity. 
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elasticitv  IS,  oi  com"8e.  rueunt  tiie  power  fH:>sses8eci  Dy  any 
which   is  stretched    to   return    to  tlie    bulk    it  hud  before.      liijurc<l 
tissues  then,  if  distended,  have  hjst  wholly  or  partially  the  power  of 
coiitnicting  again. 

We  may  <ligress  a  moment  to  make  this  important  point  clear. 
Arterial  hyperiemia  of  the  skin,  for  instance,  causes  swelling,  a.s  luuy 
be  seen  in  the  ear  or  the  face  as  u  consequence  of  deraugeuionts  of 
the  sympathetic  nerve.  If  the  tissues  are  healthy,  this  swelling  suh- 
Hide.s  instantly  when  the  liypenemia  ceases,  their  elasticity  causing 
them  to  return  to  tlieir  former  state. 

But  if  the  tissues  of  the  skin  have  been  injured,  as  by  tlie  stroke 
of  a  whip,  then  the  momentary  hyperaeniia  causes  swelling  wLicL  is 
not  muint'iit.'irv' — that  is,  we  see  what  is  called  a  wheal,  whiflj  is  geii- 
eriilly  notably  antvmic.  Whether  this  swelling  is  due  to  e.vudution  of 
serum  or  not,  does  not  matter  (nr  our  present  purpose.  It  is,  iit  all 
events,  the  loss  of  elasticity  in  the  tissues  which  either  peruiits  the 
exudation  or  makes  it  impo.'s.sihte  for  the  tissues  to  drive  the  exc<;SA  of 
serous  fluid  into  the  lyniphutics.  aud  so  restore  the  equilibrium. 

We  may  then  eonclude  thai  injured  tissues  are  more  distensible 
than  nnniial,  and  also  are  imperfectly  clastic. 

Action  of  Injury  on  the  BloodvesaelB. — If  we  take  the  simpliest 
form  of  bloodvessels,  capillaries,  the  cells  which  compose  them  may 
be  seen  to  undergo,  un.ier  the  aiction  of  injuries,  a  change  similar  to 
those  of  tissue-cells ;  that  is,  they  undergo  granular  disiutegmtion, 
passiug  into  tatty  change.  In  larger  vessels  the  changes  are  too 
complicated  to  be  e.xpressed  in  any  simple  furnxula,  since  they  involve 
all  the  various  tissues  contained  in  the  walls  of  these  vessels. 

But  any  visible  structural  alterations  are  unimportant  compared 
with  the  physical  results  of  injury  to  bloodvessels,  which  may  be 
traced  by  direct  observation.  It  is  clear,  fixtm  observations  which 
will  be  dei^eribed  lioreafter,  that  the  eft'ect  cif  injury  on  vessels  is. 
speaking  broadly,  like  that  of  injury  of  tissues.  They  become  less 
resistant,  more  cajiable  of  distention,  and  less  able  to  recover  from 
distention — that  in,  less  elastic.  Furthermore  their  walls  become  lees 
capable  of  holding  in  their  contents.  A  severe  injury  causes  extrava- 
sation of  blood;  and  tliis  result  follows  not  only  on  meclianical  injurr 
— i.e.  rupture,  but  on  the  action  of  poisons,  such  its  in  certain  c»*ci« 
of  arsenic  !in<l  phosj)horus,  and  of  powerful  ferments,  such  us  suake 
poison. 

A  lesser  degree  of  injury  causes  increased  transudation  of  th« 
liquid  portion  of  the  blood,  and  of  the  leucocytes;  as  will  be  se«» 
hereafter. 

The  resiulis  of  injury  of  bloodvessels  form  the  most  important  part 
of  the  pathology  of  inflammation,  but  munt  not  be  regarded  as  mak- 
ing up  the  whole  of  this  process. 

Action  of  Injury  on  Hervous  Structures. — The  first  eft'ecl  of  injuiy 
in  medullated  nerve-fibres  is  seen  in  a  breakiug-up  of  the  medullary 
sheath,  which  appears  to  be  their  most  sensitive  portion.     The  axi»- 
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cylinder  apjieai*?  t^  be  more  resistant,  at  leaat  so  far  as  visible  changes 
are  concerned  (Perls?). 

Ganglionic  nerve-tis-mie  is  more  sensitive  to  injury  than  conducting 
fibres.  A  very  sliglit  injury  whieh  leaves  other  parts  unaffected  will 
cause  disintegration  and  totu!  death  of  the  ganglion  cells. 

The  funi'tional  effcvtn  of  injury  on  nerve-structures  are  also  very 
important.  With  respect  to  the  conducting  nervous  .i^ystein  it  may 
be  broadly  stated  that  every  kind  of  injury  produces  pain.  This  la 
true  of  pressure,  heat,  cold,  chemical  agents,  etc.  i^o  universal  is 
this  law  that  it  may  be  formulated  in  a  converse  sense — viz.,  that 
pain  is  the  expression  in  conscioiusness  of  injury  to  the  peripheral 
nervous  system,  provided,  of  cotii-se,  timt  the  part  he  still  in  connec- 
tion with  the  sear  of  consciousness,  ttie  bniin.  Ttie  only  apparent 
exception  to  this  law  is  the  fact  that  cold,  when  e.xtreme,  produces 
anaesthesia ;  but  it  is  clear  that  this  is  due  to  the  comhicting  appara- 
tus being  rendered  functionally  inactive  by  want  of  blood-supply ; 
for  when  tlie  blood  retuni!*,  pain  i.«  felt. 

Now  pain  is.  as  we  have  said,  one  of  the  eardinid  signs  of  inBam- 
mation.  Hence  we  have,  in  this  broad  and  universally  accepted  fact 
of  the  relalinu  of  pain  to  nerve  injury,  a  confirmation  of  the  principle, 
that  datujige  to  the  tissues  is  the  essential  fact  in  inllaniniation. 

It  is  also  a  general  princitle  that  injured  parts  are  hypenesthetic, 
«.  f.,  tender,  and  the  same  is  seen  in  influmed  jiarts. 

Ganglionic  nerve-tiftsue  is  known  to  be.  by  itself,  little,  if  at  all, 
sensitive,  as  we  see  in  tlie  cerebral  cortex,  and  its  functional  disturb- 
ance by  injury  is  expressed  in  other  ways.  That  actual  destniction 
of  ganglion-cell.s  must  produce  functional  incapacity  so  far  as  it  goes, 
need  hardly  be  pointed  out.  But  there  is  a  more  genoraj  principle, 
ejstablislied  by  a  long  ;*erie3  of  clinicul  observations,  which  is  worth 
attention,  ft  is  this:  tliat  :i  sliglitcr  degree  of  the  Siitiie  injury 
which  causes  destniction  of  nerve-Mub.Htance  causes  pervcrti-d  func- 
tional activity,  and  this  may  Jiave  the  appearance  of  overaction. 

For  instance,  wljcn  the  poison  of  fever,  sucli  as  typhoid,  affects  the 
brain,  its  first  result  is  to  produce  delirium  or  excitement ;  but  a 
higher  degree  of  the  same  injury  results  in  coma,  or  perimps  death 
with  cerebral  symptoms.  If  the  patient  recover,  his  symptuni.s  often 
.*»how,  for  weeks  or  months  afterwanl,  that  the  brain  has  been  struc- 
turally damaged.  In  other  diseases  of  the  nerve-centn's,  spasm  or 
convulsions  represent  ati  early  stage  of  a  change  the  final  result  of 
which  IS  paralysis.  The  same  progression  or  succesainn  of  excessive 
functional  activity,  followed  by  functional  incapacity,  an<l  ending  in 
structural  damage,  is  seen  in  various  inilaramations  affecting  the 
brain. 

The  further  evidence  that  the  comlitions  recognized  as  iuflararaa- 
tion  are  the  same  as  those  known  to  be  produced  by  injury  can  only 
be  given  in  describing  the  inflammatory  process. 

Before  going  farther  we  must,  however,  touch  on  one  important 
point,  viz.,  the  relation  of  injury  to  repair. 

It  is  a  general  law  of  living  organisms  that  they  have  a  power  of 
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repairincr  injurios.  If  it  were  not  so,  they  could  hardly  exist  at 
MGt!i[>horically  this  may  be  expressed  by  saying  that  they  are  in  a 
condition  of  stable  c([uilibriuni,  so  that  after  a  small  disturbance  they 
tend  to  come  back  to  the  conditicjn  in  which  they  Mere  before. 

Hence  directly  an  injury  takes  place,  processes  are  set  up  which 
end  in  repair.  If  all  the  proces.se3  which  arise  out  of  the  injury'  are 
considered  as  leading  to  this  result,  tht-n  inflammation  must  be 
regarded  as  essentially  a  conservative  process,  leading  to  the  restora- 
tion of  injured  part*,  and  this  is  actually  the  light  in  which  it  is 
regarded  by  some  pathologists.  On  the  other  hand,  considering  that 
repair  may  be  accomplished  with  at  least  very  little  inflammation, 
and  that  the  leas  infkmiination  there  is,  the  more  satisfactory  is  the 
result,  others  have  regarded  it  (with  Hunter)  as  an  accident  which 
only  hinders  repair,  or  at  least  prolongs  the  process.  The  results, 
Moreover,  of  antiseptic  .«urgery  are  taken  as  tendin"  in  this  direction. 
These  two  views  seem  entirely  opposed  to  one  another,  and  the  ques- 
tion which  is  right  is  an  extremely  difficult  one. 

Perhaps  the  points  at  issue  may  he  best  explained  as  follows  :  Heal- 
ing without  inflammation,  nr  healing  by  the  first  intention,  is  onJT 
seen  iti  perfectly  "clean"  wounds;  for  instance,  in  a  cut  with  a  verv 
•sliarp,  clean  knife.  Now  if  the  divided  surfaces  are  at  once  brought 
into  apposition,  the  actual  injury  inflicted  is  really  very  slight,  and 
tlie  process  of  repair  is  so  rapid  that  there  is  no  inflammation,  or 
hardly  any.  But  if  the  surfaces  are  not  clean,  and  injurious  sub- 
stances from  outside  are  introduced,  healing  is  delayed  and  the  phe- 
nomena called  inflammation  are  observed.  In  like  manner  it  is 
possible  that  if  the  organism  is  not  healthy,  injurious  substances  may 
be  brought  to  the  wounded  spot  by  the  (jlood.  In  either  case  the 
inflammation  is  the  response  of  the  organism,  not  to  the  original 
MOund,  but  to  tlie  additional  injury  caused  by  these  injurious  sub- 
stances ;  an<l  there  is  reiL>i.on  to  believe  that  it,  or  at  least  some  part  of 
the  processes  included  under  this  name,  is  the  means  by  which  these 
substances  are  removed  or  neutralized.  While,  then,  it  is  periectly 
clear  that  inflaraniation  is  a  sign  of  protracted  or  hindered  healing,  it 
would  seem  that  this  hindrance  or  delay  in  the  healing  process  is 
attributable  to  the  secondary  injury  caused  as  above  described,  not 
to  the  means  by  which  this  secondary  injury  is  compensated. 

The  aim  of  the  surgeon,  then,  is  not  so  much  to  prevent  inflamma- 
tion as  to  keep  off,  or  minimize,  the  introduction  of  the  injurious  sub- 
stances and  the  secondary  injuries  consequent  on  them,  which,  in 
strictness  of  speech,  constitute  inflammation. 

Now,  since  inflammation  is  certairdy  not  necessary  to  the  heahng 
of  the  primary  injury  in  the  case  suppjosed,  but  appears  to  be  the 
inevitable  and  necessary  process  before  the  secondary  injuries,  which 
depend  upon  the  introduction  of  foreign  substances  or  poisons  into 
the  wound,  are  compensated,  some  pathologists  regard  inflammatioD 
as  a  conservative  process,  the  special  use  of  which  is  to  remove  or 
expel  the  7ioxa — the  foreign  body,  virus  or  poison.  A  definition  of 
inflammation  has,  indeed,  been  frametl  on  this  basis. 
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According  to  the  definition  already  laid  down,  this  view  is  much 
too  narrow,  and  accounts  for  a  jmrt  only  of  the  inflammatory  process; 
but,  in  order  to  exhibit  clearly  what  this  theory  does  not  account  for, 
let  U3  take  another  instance.  Let  there  be  a  foreign  body,  ynch  us  a 
bullet  or  a  splinter,  imbedded  in  the  nniseles.  In  rare,  though  con- 
ceivable, cases  this  body  niay  remain  perfectly  ijuiescent,  not  doing 
any  harm  or  causing  any  annoyance.  In  such  a  case  there  wiU  be 
no  inflammation.  But  if  it  injure  the  tissues  in  any  way,  inHamma- 
tion  occurs.  Jn  other  words,  it  produces  the  injury  called  intlunima- 
tiou. 

But  now  mark  the  result.  While  t!ie  foreign  body  was  ijuiescent 
it  had  no  chance  of  being  eliminated,  but  infiiimmation,  especially  in 
the  form  of  suppuration,  tends  to  remove  it,  and  will  piobably,  sooner 
or  later,  cause  the  expulsion  of  the  bullet. 

Hence  inflammation  has  its  conservative  or  sanative  side,  and  on 
this  ground  hits  been  regarded  as  a  process  intended  to  eliminate 
injurious  substances.  The  real  truth  in  the  matter  can  only  be  seen 
on  stadying  inflammation  in  detail.  It  will  then  be  seen  that  the 
conception  of  it  as  an  eliininative  process  is  true  of  certain  parts  of 
the  process,  vix.,  of  the  vascular  phenomena  or  ioflaminatory  hyper- 
emia, and  of  exudation  more  especially  in  the  form  of  suppuration. 
But  it  is  by  no  means  true  of  inflammation  in  the  wide  sense  in  which 
it  in  here  considered. 

Special  Phenomena  of  Inflammation. — In  studying  the  special 
phenomena  of  inflammation,  it  i.s  convenient  to  make  one  broad 
division,  viz.,  into  (1)  the  phenomena  observed  in  the  b.oodvessels  and 
circulation,  and  (2)  those  observed  in  the  tissues  apart  from  vessels, 
and  in  non-vascular  parts.  It  might  seem  more  natural  to  speak  first 
of  the  tissue  changes,  and  of  non-vivseular  parts ;  but  iti  the  higher 
animals  the  whole  process  is  so  closely  connected  witli  circulation  that 
it  is  practically  more  convenient  to  b'-'gin  with  the  processes  actually 
observed  to  occur  in  the  bloodvessels,  since  these  may,  as  the  others 
cannot  so  cotiveniently,  be  studied  continuously  in  living  animals. 

These  vascular  phenomena  of  inflauitiiatiyn  are  studied  by  observ- 
ing tlie  transparent  parts  of  cold-blooded  animals,  such  as  frogs.  The 
web  of  the  foot,  or,  still  better,  the  mesentery  or  tongue,  has  been  used 
for  this  purpose.  They  are  spread  out  in  such  n  manner  ;i9  to  be 
exposed  to  the  air  under  the  micro.scope-  Inflammation  may  be  ex- 
cited bv  anv  chemical  stimulus  or  bv  a  slight  wound  ;  but  this  is  not 
absolutely  necessary,  since  the  mere  contact  of  air  and  the  drying  up 
which  occurs  are  in  most  cases  sufficient.  The  observation  of  warm- 
blooded animals  is  more  difficult,  but  has  been  effected  by  s[iecial 
means,  as  regards  the  mesentery,  for  instance,  in  the  hands  of  Bur- 
don  Sanderson,  Strieker,  Thoma,  and  others.  Without  entering  into 
technical  details,  we  will  describe  what  is  seen,  under  such  circiun- 
stancea.  in  the  mei«ontery  or  tongue  of  the  frog. 

Process  of  Inflammation  in  the  Bloodvessels  of  the  Frog. — If  the 
bloodvessels  of  such  a  part,  exposed  in  the  manner  described,  be 
carefully  watcheil,  we  observe  a  gradual  dilatation,  first  of  the  arteries, 
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then  of  tJie  veins,  t!ie  k-npillnriep  being  little  affected  in  the  earlier 
stages  (immediate  irritnnts  sometimes  produce  a  transitory  contraction 
before  the  relaxation,  but  this  is  not  constant).  This  dilatation  is 
generally  acconijiimied  by  an  nrceleratitin  of  the  streatii,  most  notice- 
able in  the  arteries.  This  "  primary  aoceler«tion"  is  sometimes  want- 
ing, sometimes  so  short  in  its  duration  as  to  be  hardly  perceptible; 
and  in  general  does  not  last  longer  than  from  half  an  hour  to  an  hour. 

So  far  the  changes  observed  are  identical  with  the  condition  of 
active  hypertemia,  and  if  the  action  of  the  irritant  were  now  discon- 
tinued the  disturbance  of  circulation  might  pass  over,  and  all  return 
to  the  normal  state. 

The  causes  of  these  disturbances  have  already  been  discussed,  in 
speaking  of  active  hypera'mia  {p.  28).  The  most,  important  point  is 
that  there  is  an  enlargement  of  the  whole  blood-stream,  and  that  much 
more  than  the  norniMl  (pifliiiitv  of  blond  posses  through  the  part. 

Eetardation.— Tlie  next  cliarigi'  observed  is  one  special  to  inflam- 
mation, namely  a  .slovvitjgof  the  blood-current  in  the  atlected  area,  at 
the  same  time  that  the  dilatation  goes  on  increasing.  That  is,  while 
blood  is  continually  being  brought  to  the  spot,  and  in  excessive  quan- 
tity, there  is  some  obstacle  to  its  passage  through,  whereas  in  simple 
hyperjemia  the  current  i.*;  more  than  usually  free. 

The  catise  of  this  retardation  ha.-*  been  held  to  be  the  widening  of 
the  channels  through  which  the  blood  flows,  by  enlargement  of 
capillaries,  etc.  Bttt  this  explanation  woidd  only  suffice  if  tlio  amount 
of  Utoofl  su{>plied  by  the  arteries  were  supposed  constant,  which  is 
not  the  case,  since  this  amount  is  certainly  increased,  which  consti- 
tutes the  fundamental  difference  between  pure  stasis  and  inflamma- 
tion. 

Even  if  the  supply  of  blood  to  the  part  were  not  increased,  it  <li»e8 
not  appear  that  widening  of  the  channels  would  in  this  case  account 
for  a  slowing  of  the  current.  Where  a  river  widens  from  a  narrow 
gorge  into  a  wide  reach,  the  current,  it  is  tnie,  becomes  slower.  But 
in  what  are  called  by  physicists  cajiillary  tubes,  it  appears  that, 
accordinji  to  I'oiseuille's  laws,  the  same  rule  does  not  hold,  Wlien 
liquids  are  flowing  through  such  tubes,  widening  of  the  Cliannel 
increases  insteail  of  diminishing  the  flow,  apparently  because  the 
friction  of  the  liquid  against  the  walls  is  lessened.  Now  even  the 
arterioles  of  which  we  are  now  speaking  are  to  the  physicist  capillarj 
tubes,  and  accordingly  their  dilatation  will  pr<iduce  acceleration,  not 
retardatiofi ;  and  the  dilatation  of  arterioles  in  inflamed  parts  often 
amounts  to  a  doubling  of  their  diameter — even,  it  is  said,  sometimes 
more. 

We  have  further  direct  evidence  that  the  amount  of  blood  brought 
by  the  arteries  is  increased,  in  the  visible  pulsation  of  small  arterioles 
which  before  were  too  small  to  show  it.  Further,  looking  on  the 
veins,  it  may  often  be  shown  that  the  blood  in  them  is  brighter  than 
normal,  or  more  arterial. 

More  blood  is  also  discliarged  by  the  veins.  Cohnheim  fouml  tliat 
if  one  forepaw  of  a  dog  was  brought  into  the  state  of  acute  inflani 
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tion,  an<l  one  of  the  lartre  veins  of  the  leg  opened,  the  amount  of 
blood  flowing  out  wa^  nearly  double  that  flowing  from  ii  vein  of  the 
unafl^ccted  limb  in  the  same  time. 

Dilatation  of  the  blood-t-^pillaries  is  generally  very  slight,  and  some- 
times inappreciable,  bo  that  it  is  a  ({uestion  whether  they  are  diluted 
at  all,  but  even  a  small  increasie  would  involve  a  largo  addition  to  the 
amount  of  hlood  passing  through. 

It  i.H.  therefore,  cleur  that  a  far  greater  amount  of  blood  jiasses 
through  the  part  than  did  before  the  inflnnimatioti  commenced,  not- 
withstanding the  observed  retardation  of  the  current.  No  change  in 
the  capacity  of  the  cireulatory  apparatus  can  explain  this  retardation, 
which  must  then  depend  upon  some  change  in  the  relation  between 
the  circulating  blood  and  the  walls  of  the  vessels. 

Canae  of  Retardation. — This  ha.s  been  explained  by  Cohnheim  as 
consisting  in  a  cliange  in  the  walls  of  the  vessels,  which  causes  greater 
friction :  and  since,  as  will  he  seen,  tliere  is  reason  to  believe  that 
there  is  a  change  in  the  physical  properties  of  the  vascular  walls  in 
inflammation,  this  explanation  is  very  plausible.  It  has  also  been 
attributed  to  changes  in  the  tissues  outside  the  vessels,  especially 
around  the  capillaries,  which  afl^ect  the  How  of  blood  rluough  tlieni. 
Landerer  iias,  by  some  reniarkahb  experiments,  proved  that  the  circu- 
lation in  the  blnod-capillHries.  both  under  nonuid  and  abnormal 
conditions,  is  greatly  influenced  by  the  condition  of  the  tissues  sur- 
rounding them.  To  understand  this  we  must  consider  that  the  capil- 
laries, with  their  simple  thin  walls,  are  not  able  to  sustain,  as  the 
larger  vessels  do.  the  whole  pressure  of  the  blood  which  they  contain. 
This  pressure  in  the  capillaries  is  not  so  high  as  in  the  arteries,  but 
still  it  is  considerable,  amounting,  according  to  Landorer,  to  never  less 
than  27^1  mm.  water,  and  in  softer  tissues  thrice  that  amount.  That 
is  to  say,  the  thin  capillary  wsill  may  have  to  bear  a  pressure  eijuiva- 
lent  to  the  weight  of  a  eoluniu  of  water  two  feet  high. 

Now  it  is  plain  that  this  cannot  be  wholly  biirnt-  by  the  capillary 
wall  alone,  and  bem-c  it  mtist  be  iiorne  in  part  by  the  tixsurg  in  which 
the  caj)illarie:«  ari-  imbcilded. 

Landerer  has  further  shown  that  tiie  fluid  contained  in  the  tissues 
— i.  <".,  the  lymph — always  shows  a  certain  amount  of  fluid  tension,  the 
precise  amount  of  which  need  not  here  be  considered. 

Comiiaring  cuiiilhiries  witli  arteries,  the  wall  of  the  former  coitc- 
.iponds  to  the  intima  only  of  (he  latter,  and  the  tissues  support  in  the 
former  ca.se  the  tension  which  in  the  hitter  is  borne  by  the  middle  and 
outer  coats. 

Now  the  tissues,  like  the  middle  coat  of  arteries,  are  elastic — that 
is,  they  receive  and  give  hack  again  pressure  exercised  upon  them. 
Hence,  as  the  elasticity  of  the  arterial  media  i.s  a  factor  in  the  arterial 
circulation,  so  is  the  elasticity  of  the  tissues  in  the  capillary  circula- 
tion. If  this  property  be  lo.st  or  impaired,  the  flow  of  blood  through 
the  capillaries  will  be  retarded.  Now,  as  was  before  mentione<l.  any 
injury — e.  g.,  inflammation — at  once  impairs  the  elasticity  of  the 
tissues.     So  that,  on  Landert^r's  reasoning,  the  state  of  the  tissues  in 
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inflammation  will  he  the  diret^t  cause  of  the  capillary  retardation  which 
is  observed  in  tbe  cireiilation  througli  an  inflamed  part. 

Leaving  imiv  the  disturhaiifes  of  circulation  seen  in  the  inflamed 
mesenterv  with  the  remark  that  the  chanict eristic  features  are 
increased  flow  of  ivlood  by  arteries,  retarded  flow  in  capillaries,  but, 
notwithstanding  this,  greatly  increased  outflow  on  the  whole,  vre  must 
consider  the  behavior  of  the  corpuscles  in  the  vessels  of  the  indamed 
p«rt. 

The  Blood-corpuscles  in  Inflammation. — It  is  in  the  veins  that 
tlie  most  remarkable  changes  are  seen,  especially  in  the  distribution  of 
the  coiimscles. 

In  the  ordinary  circulation  the  corpuscles  of  both  kinds  move  on  in 
the  centre  of  the  vessel,  leaving  a  clear  marginal  space  next  the  walls, 
occupied  only  by  ]!({uor  sanguinis.  It  is  owing  to  this  that  the  cor- 
jiuacles  are  never  in  attual  contact  with  the  vascular  wall,  and  do  not 
stain  it.  But  now  the  corpuscles  in  the  veins  spread  over  the  clear 
marginal  space  and  touch  the  walls.  The  leucocytes,  especially,  drag 
along  the  walls  as  if  adherent  to  them;  and  from  time  to  time  stand 
still  in  that  position,  so  that  a  soi-t  of  layer  of  leucocytes  lining  the 
walls  may  he  observei^.  The  red  corpuscles  in  the  veins  keep,  for  the 
most  part,  in  the  middle  of  the  strejim  without  any  special  change. 

To  these  [vhenoniena  the  name  t)f  stasis  is  given  by  most  writers, 
and  as  such  tirey  were  ilescribed  forty  years  ago  by  \V.  Addison,  C.  J. 
B.  Williams  and  others.  The  word  stasis  has,  on  the  other  liatid, 
been  restricted  by  some  to  special  a[>])earances  seen  in  capillaries  only 
in  part  of  the  inflamed  area.  Tliese  vessels  become  so  closely  filled 
with  red  corpuscles  in  a  state  of  stagnation  that  it  seems  "as  if  the 
blood  had  suddenly  coaguhteil  within  them.''  This  is  the  condition 
spoken  of  before  (page  Hli)  as  one  nf  the  conseijuences  of  cajiillary 
hyperjemia,  and  may  be  called  capiUanf  t^tanig.  It  is  regarded  hy 
almost  all  modern  writers  (except  von  Recklinghausen  and  M.  Foster) 
as  a  part  of  the  inflammatory  process.  We  follow  the  last-named 
writers  in  separating  it  from  inflammation,  to  which  a  free  current  of 
blood  is  essentia!.  This  capillary  stfisis,  however,  is  not  well  marked 
except  in  cohl-ldooded  animals,  and  its  importance  in  human  pathology 
is  small.  It  appeai-s  probable,  though,  that  this  is  tlie  condition  pro- 
duced in  the  externul  parts  by  the  action  of  cold,  a  [jrocess  which  often 
leads  to  inflnnimation,  but  is  not  identical  with  it.  We  will  not, 
therefore,  use  the  word  stasis  to  describe  these  phenomena  observed  in 
the  corpuscles. 

Emigration  of  CelU, — When  the  genernl  .>itagnation  and  the 
marginal  position  of  the  leucocytes  are  well  establis*hed,  begins  a 
process  which,  twice  brought  to  light  on  successive  occasions  by  two 
observers  (W.  Addison  and  Waller),  and  tAvice  again  forgotten,  only 
secure<l  general  attention  when  for  the  third  time  discovered  by 
Cohnheim. 

The  leucocytes,  which  were  lying  stationary  on  the  inner  side  of 
the  walls  of  small  veins  and  capillaries,  are  suddenly  observed  to  be, 
many  of  them,  outside  these  vessels  ;  and,  if  they  be  carefully  watched, 
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one  can  from  time  to  time  be  seen  in  the  act  of  pa.ssiiig  tlimufrh  the 
muscular  Wiill,  lialf  in  and  half  out.  Fii-st  projecting  as  a  little  knob 
on  the  outer  surface,  it  grows  till  it  is  seeu  as  a  lump  of  protoplasm 
attached  hj  a  sleixler  jjtduncle,  aiul  finally,  even  to  tLis  last  bond 
being  separated,  it  appeur.s  as  a  free  leucocyte.  This  process  taking 
place  at  many  points  of  the  veins  and  capillaries,  these  vessels  at 
length  become  covertnl  (jn  the  outside  ivith  hiyors  of  leucocytes.  In 
frogs,  whose  bloodvessels  an;  surrounde<J  by  a  ilistinct  lymphatic  space, 
the  process  occupies  two  stages^  viz.,  from  the  vessel  intu  the  space, 
and  from  the  space  into  the  tissues  (see  Fig.  12). 
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EriiignuiuM   of  iLnn-novte*  (fniiii  Latuowsky). 
V,  MoodvesstM ;  ri',  \\*  walls.     L,  lyiiiphutip  «pac«:  11,  its  walls,     n,  Ipin'ooytea  iit 
rest;  h,  the  atiiue  pa^mg  ihrouicb  the  vascular  wiilli  h' ,  pusning  from  lymphatic  vitai^e 
into  tigaue«;  e,  leucocTteii  shoving  uniif)>uid  i-hangcs. 

In  the  capiUarie^i  red-bhxid  clisks  also  pass  through  the  walls, 
usually  sevenxl  together  at  one  place,  so  as  to  form  a  grouf)  or  cluster 
on  the  outside  of  the  vessel.     This  does  not  take  place  in  the  veins. 

There  is  tin  passage  of  either  class  of  corpuscles  through  the  walls 
of  the  arteries. 

The  pa.ssage  of  leucocytes  out  of  the  vessels  is  known  as  emigra- 
tion or  diapedesis,  and  the  s.ime  name  is  given  with  less  propriety  to 
the  extrusion  of  the  red-blood  disks,  which  is  more  of  a  mechanical 
process. 

The  explanation  of  these  proces-^es  is  partly  physical,  partly  vital. 
Tho  distrilmtion  of  the  leucocytes  along  the  walls  of  the  vessel  is 
pnjbibly  the  result  of  physical  laws,  since  it  is  found  that  when  a 
current  of  liquid  holding  fine  particles  in  suspension  is  retarded,  the 
lighter  ])article3  drag  along  the  inner  surface  of  the  channel  in  which 
it  is  moving.  Now  leucocytes  are  physically  lighter  than  the  red 
disks. 
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But  the  adhesion  of  the  leucocytes  to  the  walls  and  their  passage 
through  are  clearly  the  work  of  their  vital  properties,  t.  e.  amoeboid 
movements  and  spontaneous  locomotion,  as  may  he  seen  in  Fig.  13, 
the  changes  of  form  seen  being  hardly  consistent  with  anything  but 
spontaneous  movements.  The  process  occupied  from  eight  to  thirty 
minutes. 

Fig.  l.S. 


^a> 


Pas!>agf  of  leucopyte  through  wall  of  vegi<el. 
I,  2,  3,  4  represent  successive  stages  in  the  pasHage  of  a  leucocyte  through  the  wall  of 
a  capillary  vessel  in  the  rabbit ;  a  =  intra-vascular  leucocyte ;  6  =  extra-vaacular  projec- 
tion.   Movement  in  direction  of  arrow.    (Latdowskt,  Virchow'g  Archiv,  vol.  xcvii.) 


Leucocytes  as  Carriers. — When  the  leucocytes  have  escaped  from 
the  vessels,  they  make  their  way  into  the  spaces  of  the  tissue  (lymph- 
spaces),  into  lymphatic  vessels,  and,  in  the  case  of  membranes,  to  the 
surface.  In  so  doing  they  perform  important  functions  in  relation  to 
the  inflammatory  process  by  carrying  away  foreign  and  injurious  sub- 
stances or  products  of  destruction  of  tissue  with  which  the  parts  are 
encumbered. 

What  special  materials  are  thus  carried  away  depends  upon  the 
nature  of  the  tissue  and  the  nature  of  the  inflammatory  process  which 
is  going  on  in  it.  In  the  destruction  of  nerve-tissue,  drops  of  fat,  or 
minute  fatty  granules,  are  very  conspicuous ;  so  much  so  that  these 
cells,  found  in  softening  of  the  brain,  once  received  a  special  name, 
that  of  "compound  granular  corpuscles."  Wherever  there  has  been 
extravasation  of  red-blood  disks  we  find  blood-pigment — rarely  entire 
disks. 

If  finely  divided  inorganic  substances,  such  as  powdered  cinnabar, 
are  artificially  introduced  into  the  tissues,  they  are  taken  up  by  the 
leucocytes.  In  inflammations  of  the  respiratory  channels  inhaled 
particles  of  carbon  are  thus  taken  up  and  may  be  carried  away  with 
the  sputum,  giving  this  its  black  color.  In  all  th^e  cases  the  rela- 
tion of  the  transported  materials  to  the  migratory  or  "carrier  cells" 
is  strictly  passive. 

Lencocytes  and  Bacteria. — There  are  other  cases  in  which  a  spe- 
cial importance  belongs  to  the  removal  of  foreign  matters — namely, 
when  these  substances  are  microorganisms,  i. «.,  bacteria,  which  are 
injuriously  present  in  inflamed  parts.  These  organisms  also  pass 
into  the  bodies  of  the  carrier-cells,  as  if  the  latter  were  attempting, 
as  in  duty  bound,  to  seize  them  and  carry  them  away.  But  the  pro- 
cess is  not  so  simple  as  in  the  case  of  neutral  bodies.  The  bact€$riam 
is  poisonous  to  the  cell,  and  often  succeeds  in  killing  it,  so  that  the 
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event  may  bo  looked  nt  from  the  other  aide  as  a  case  of  an  active 
bacterium  attacking  u  [laasive  cell. 

But,  on  the  other  hanJ,  the  cell  has  the  power  of  dealin;;  with 
atbununous  materials  by  a  process  known  a.s  "■intracellular  digestion," 
so  that  it  ina}'  succeed  in  eating  up  the  bacterium.  There  is,  in  fact, 
a  battle  between  the  intruding  organism  and  the  indigenous  cell,  iu 
which  sometimes  one,  si^metimes  the  i)thei\  gains  the  victory. 

Metschnikoff 's  Researches. — The  above  compftrisnn  need  not  be 
regarded  as  fanciful.  The  researches  of  Metsciinikofl',  which  have 
attracted  much  attention,  have  established  that,  in  certain  cases,  this 
kind  of  combat  does  take  place.  His  oliservations  were  first  made  on 
a  disease  produced  in  a  fresh  water  crustacean,,  the  little  "water  flea,' 
or  tlaphnia,  by  a  fungus. 

The  fungus  is  swallowed  by  the  crustacean  with  watur,  and  pro- 
duces pointed  upores,  which  pierce  the  intestinal  wall  and  enter  the 
tissues  or  the  body  cavity.  Iu  these  parts  the  spore  becomes  at  once 
surrounded  or,  so  to  speak,  "  attacked  "  by  the  blood  corpuscles,  which 
in  these  animals  are  colorless  amiehoid  cells  resembling  the  leucocytes 
of  higher  animals.  The  result  of  the  action  of  the  cells  on  the  spore 
is  that  the  latter  swells  up,  becomes  irregular  in  outline,  dilates  at 
certain  spots  into  roundish  masses  of  various  she  and  iri-egiar  form, 
and  finally  breaks  up  into  a  moss  of  large  or  small  granules,  pig- 
mented and  of  indefiidtc  shape,  which  could  not  be  recognized  as 
having  been  formed  ftut  of  fungus-spores,  unless  the  previous  stages 
had  been  watched. 

In  the  meantime  the  blood  corpuscles  become  fused  together  into  a 
"  phLsmodium,"  which  stilt  retains  some  power  of  amudjoid  movement. 

It  appears,  then,  that  in  this  catie  the  parasite  is  destroyed  by  the 
action  of  cells,  and  tliat  this  is  effected  by  a  sort  of  "intracellular 
digestion.  '  The  fiision  of  corpuscles  into  a  contractile  plM;smodiuni 
is  also  very  important,  as  illustrating  the  formation  of  "giant  cells" 
in  pathological  formations,  especially  tubercle  and  allied  products 
which  are  the  results  of  the  action  of  a  s]>ecific  irritant  on  the  tissues. 

Cells  which  perform  this  function  of  eating  uj)  living  organisms,  or 
other  foreign  matters  are  called  by  Metschnikoff,  phaijncytes^ 

The  converse  of  the  story  should  not.  however,  be  forgotten, 
namely,  that  innumerable  leucocytes  perish  in  the  combat.  Large 
collections  of  pus  con.^ist  almost  wholly  of  dead  leucocytes.  Hence, 
in  a  suppurating  wound  immense  numbers  of  corj)ses,  so  to  speak,  of 
the  elements  of  the  body  are  continually  thrown  off.  It  is,  I  think, 
going  too  far  to  speak  of  these  (with  Mr.  Sutton)  as  all  killed  by  the 
action  of  microorganisms;  for  it  is  evident  that  cells  in  a  collection 
of  pus  are  phice^I  itt  circumstances  very  unfavor:d>le  to  nutrition,  and 
moreover  those  extruiled  <ui  a  surface  e.xposed  to  the  air  can  hardly 
preserve  their  vitality  long,  independent  of  uucroorgunisins. 

'  For  a  fuller  ttcor>uiit  of  MetAchnikoff's  reaearclieai  with  some  confinuatory  ciliserva- 
tions,  see  Mr.  J.  B.  SuUon's  very  iiitere!<liii|;  Iutro«luetiou  to  i.ionertil  PuMiolog}',  L<>n- 
don,  1880.     For  the  urigiuul  jmpcr*  ueo  Virehow's  Arehiv,  vols.  xovi.  and  xcvii. 
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A  further  confiniiatioti  of  tlie  importance  of  the  ama-boid  proper- 
ties rif  leucocj^'tcsj  iti  inflaiutuutiun  atui  repair  is  furnished    by    the 
observation   recorded  in  speaking   of  leukseraia  (Chapter    XXVI.), 
that  in   this  disease,  where  the  corpuscles  have  lost  their  amicljoid 
properties,  inflaiiimatioti  and  repair  are  very  imperfectly  performed  or 
even  impossible- 
Exudation. — Along  witli  the  extravasation  of  corpuscles  there  is  s 
considerable  exudation   of  liquid,   which,    thoutfli   not   identical    with 
liquor  sanguinh,  apj)roucheH  it  more  nearly  than  do  the  Huids  efTused 
in  dropsy.      lutiaminatorv   effusions  generally  coagulate,  and   in   this 
way  is  formed  the  so-called  intiumniutory  lymph.      When   tlie  corpus- 
cles pre<lnniinatc  grently,   the  product  is  cjjlled  pus:  the   difference 
between    this  and   coajruhtble  exuilatiou   being  one  of  degree.      The 
composition  of  the  various  inflammatory  exudations  will  be  spoken  of 
further  on. 

The  explanation  of  the  cell-migration  and  increased  liquid  exadati...ii 
just  described  is  clearly  tliat  the  walls  of  the  vessels  are  far  more  per- 
meable than  in  the  normal  stnte,  and  more  so  even  than  in  venous 
hypencmia,  or  in  dropsy.  The  sjime  condition  a{ipears  to  retard  the 
passage  of  blood  inside  the  vessels.  What  change,  precisely,  they 
have  undergone  cannot  be  said  with  certiiinty;  but  it  wouM  api>ear 
to  be  the  same  as  vessels  undergo  when  deprived  of  proper  nourish- 
ment. 

This  has  been  shown  by  Cohnheim's  ex|ienaients.  For  instance, 
if  blood  be  cut  off  from  a  portion  of  the  vascular  system,  such  as  the 
tongne  of  a  frog,  by  ligature  of  the  artery,  and  then  after  a  tinie  the 
blood  be  allowed  to  return,  no  result  beyond  a  temporary  engorge- 
ment follows.  Hut  if  the  blood  have  been  excluded  for  a  longer  time, 
(more  than  twenty-four  hours)  so  that  the  vessels  have  begun  to  l<>se 
their  vitality,  tlie  return  of  the  bloi>d  is  rajiidly  followed  by  the  pro- 
cess! of  inflammation  as  it  has  been  iiefii;ribe<l. 

The  same  result  may  be  produced  by  the  exclusion  of  blood  from 
the  ear  of  a  rabbit  by  Esmarch's  bandage,  for  a  few  minutes  only, 
provided  that  the  ear  be  at  the  same  time  exposed  to  a  temperature 
of  ten  degrees  above  the  normal,  by  immersing  it  in  water  of  that 
temperature.  On  now  i-emoving  the  bandage  and  restoring  the  circu- 
lation, inflammation  begins  almost  suddenly,  and  in  an  hour  or  two  is 
at  its  height.  In  this  case  the  vessels  are  injured  by  even  a  slight 
excess  of  heat  when  exposed  to  its  influence  while  empty  of  bloo«l. 

An  experiment  performed  bv  .lohn  Ilunier  had  similar  conse- 
quences. He  froze  one  ear  of  a  living  rabbit;  on  thawing  it  the  ear  be- 
came infllamefl,  and  so  engorgetl  with  blood  that  the  arteries  were  three 
or  four  time  the  size  of  those  in  tlie  healthy  ear,  as  shown  by  injec- 
tion of  the  specimens  still  preserved  in  the  College  of  Surgeons. 

In  all  these  csise-s  the  essential  cause  of  inflammation  was  an  injury 
to  the  vessels  of  the  part,  comparable  to  a  partial  loss  of  vitality. 

It  has,  moreover,  been  shown  that  when  the  vessels  of  a  part  are  in 
this  condition,  i,  c,  inflamed,  other  fluids  than  blood  are  also  retarded 
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in  them:  for  instance,  milk,  injected  into  the  veins  of  a  frog,  shows 
tlie  plieiioniena  of  stasis. 

What  is  still  more  renifirknble  is  that  the  satne  results  can  be  pro- 
duct'il  in  the  ve^>Hels  of  it  *' .suit-frog" — that  i.s,  of  a  living  frog  which 
has  a  snh-soliuion  circulntinjj;  in  its  vessels  in.*teail  of  bloml, 

These  e.xfjerimeiits  conclusively  sliow  that  the  origin  of  the  changes 
protlticijig  itiflaniinution  caniiut  be  in  the  blood  itself,  hut  tmist  be  one 
aft'cctiiig  the  bli>i:*<ivessels,  remembering  that  the  vessels  may  lie 
secondarily  affected  hy  the  condition  of  the  tissues  outside. 

Comparison  of  Circulatory  Disturbances. — If  inHammation  becotn- 
pared  with  other  dii^tiirhunce.-*  of  circulation  and  transudation,  we  find 
the  following  dtflerences: 

DrfipHy. — A  change  in  the  vascular  wall  pertnittitig  tnore  copious 
liquid  ti'iuisndation.     No  uecex-^anj  disturbance  of  circulation. 

Veno^is  Hypei'cemin. — Degeneration  of  vR.scular  wall  from  stagna- 
tion of  blood  leadin:;  to  increased  transudation  and  extrusion  of  colored 
corpuscles.  These  processes  are  assisted  by  the  rise  of  pressure  in 
veins  and  capillaries  produced  by  obstruction. 

Arterial  Jlyperffudn. — Increased  afflux  of  blood  causing  rise  of 
pressure  in  veins  and  capillaries;  but  there  being  no  stiignation,  no 
change  in  the  vascular  wall,  such  as  causes  exudation  and  diapedesis. 

Iiijlammation. — (1)  Increased  afflux  of  blood,  causitig  rise  of  pres- 
sure in  veins  and  capillaries. 

(2)  Slowing  of  tli(^  current,  owing  chiefly  to  loss  of  elasticity  in  the 
tissues  outside  the  ciipitlaries.  partly  to  changes  in  the  vascular  wall. 

(3)  Changes  in  the  vascular  wall  leading  to  increased  liquid  exuda- 
tion, and  iliapedesis  of  corpuscles. 
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Inflammatory  Changes  in  Tissues. —Tlie  hI 
inadou  is  eviijciitty  a  «k'»cription  ol'ooly  that  part  of  the  process  whjdl 
affects  the  liloodvesscla.  It  is  essentially  au  account  of  the  results 
which  follow  from  duiiuigf  of  vessels,  especially  the  veins  and  capil- 
laries. But  since  the  vessels  caiinut  be  injured  without  some  simutta- 
neous  damage  to  the  other  tissues,  we  must  now  consider  the  chaDgea 
which  occur  in  the  latter.  These  changes  nre  iitiportant  in  two  re- 
spects, both  as  regards  the  tissue-elements  themselves,  and  n\»o  in  »o 
far  as  damage  to  the  tissues  affects  the  vessels  and  the  circulntion  of 
blood  in  them.  It  now  remains  then  to  consider  the  changes  in  the 
surrounding  tissues  when  the  Idoodvessels  are  passing  through  the 
processes  just  described;  also  tlie  changes  which  oerur  in  non-va»cuJar 
[Kirts. 

Non-vascular  Parts. — It  is  obvious  that  the  changes  iu  parts  such 
as  the  cornea  or  cartilages,  cannot  be  observed  continuously,  as  in  the 
fi-og's  mesentery  when  brought  under  the  uiicroscope. 

The  results  of  injury  are  studied  by  touching  the  cornea  of  a  frog 
with  nitrate  of  silver*  and  cutting  out  the  affected  piirt  within  tweU'e  or 
twenty-four  hours  afterward.  In  this  case  the  only  traceable  changes 
are  in  the  corneal  corpuscles;  these  being,  in  fact,  the  onlyauatoDiical 
elements  visible  besides  a  certain  number  of  migratory  corpuscles. 

Yin.  u. 


Corneal  oorpuiwles  eighieeu  hours  ntler  uppliuttiou  of  an  Irriumt 
(IIi-s,  HiHtologie  der  <^>riioi\). 

It  is  necessary  to  remember  that  by  a  "corneal  corpuscle"  is  com- 
monly understood  both  a  protoplasmic  mass  with  prolongations,  and  a 


INFLAMMATION. 


97 


space  witli  canaliculi  or  braijclit?s,  in  wLlcli  tins  uoasa  and  its  processes 
are  contained. 

Under  the  influence  of  irritation  the  protoplasmic  corpuscle  be- 
comes irregular  in  shape  and  the  proces.se.s  become  shorter  and  thicker. 
Aiuceboid  movements  of  tlie  protoplasma  are  sometimes  seen.  Finally, 
BfctH-Jing  to  some  observers,  the  mass  ilivides  into  several,  wliicFi  may 
be  regiirded  as  new  cells  formed  by  "  proliferiitioii "  of  the  original  eor- 
pu.'^ete  (Fig.  14). 

But  after  a  time  it  is  impossible  to  trace  any  changes  in  the  corneal 
corpuscles,  because  the  spaces  conUiining  them  and  the  canaliculi 
become  filled  with  leucocytes  derived  from  the  nearest  vessels,  which 
make  their  way  through  all  the  anastomosing  channels  so  that  the 
whole  tissue  is  infiltrated  with  them,  and  nothing  else  can  be  made  out. 

Since  group.s  of  leucoeytes  fill  the  spaces  and  occupy  the  place  of 
the  original  corneal  corpuscles,  it  has  been  thought  that  these  groups 
are  derived  from  those  corpuscles  in  the  manner  above  described. 
But  it  is  more  probable  that  they  are  migratory  leucocytes  derived 
ultimately  from  the  blood.  Cnhnheim  introduced  coloring  matter  into 
the  circulation  so  as  to  be  taken  up  by  the  leucocytes;  and  found 
leucocytes  which  contained  this  matter  and  thus  betrayetl  their  origin, 
iu  the  place  of  the  corneal  corpuscles. 

If  a  living  cartilage  Ls  injured  by  heat,  very  similar  changes  are 
seen  in  the  car ti Inge-cells.  These  alter  in  .shape,  break  up,  and  finally 
a  collection  of  small  cells  is  said  to  bo  found  within  the  cartilage- 
capsule. 

It  is  a  question  in  both  cases  whether  these  small  cells  represent  a 
degenerative  process — that  is,  death  of  the  original  cells — or  whether 
they  show  formation  of  new  leucocvtes  or  pus-corpuscles. 

Changes  seen  in  Vascular  Parts. — One  of  the  best  parts  for  studying 
the  effects  of  infiammatjon  post-i/iurtem  is  the  peritoneum,  especially 
the  omentum.  When  tliis  tissue  is  inflamed  we  find,  besides  leuco- 
cyt*?s  and  fibrin,  the  result  of  exudation,  endotbeljul  plates,  some 
detached,  some  in  sitii^  which  often  show  several  nuclei,  or  several 
small  cells  enclosed  in  one.  These  changes  cannot  be  regarded  as 
actually  chatacteristic  of  inflammation,  since  similar  appearances  are 
seen  in  the  uonnal  ouientinn.  especially  of  young  subject?!. 

Tn  Fig.  15.  drawn  froiti  the  healthy  omentum  of  an  infant,  we  see 
groups  of  cells,  which  Ity  their  iii'rangemenl  in  grotips,  and  by  show- 
ing the  eifect  of  mutual  pressure,  present  the  appearances  generally 
regarded  as  those  of  cell-proliferation.' 

7t  seems  that  the  changes  are  more  active  and  general  in  an  irii- 
flmned  omentum,  and  it  is  also  noticeable  that  permanent  endothelial 
phites  take  on  the  cliaract.er  of  young  cells,  showing  contraction  and 
am«cboid  movements. 


'  Thie  vraa  piinted  <nil  a*  rcifnrrls  tlie  human  omenluiu  by  the  prRncrit.  writer  in  187S 
(Quiirt«rly  Jotirnal  Mic.  Sci.,  vol.  xiii.  p.  .309),  and  aft»in  in  the  Gulstonian  Lecturei, 
18T4  (Brit.  Med.  Joiimal,  1874).  Similar  change*  ha<i  been  much  more  fully  flcsorilie*!  in 
guiiiua-piga,  rahbiU,  etc  ,  by  Dr.  Klein,  AnaU>mr  of  (he  Lymphatic  Systoui,  Fart  I.  1873. 
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heoce  it  is  difficut  to  estimiite  the  nrif^iiiiil  number.  In  fibrous  con- 
nective tissue,  the  place  of  the  onJiniiry  fixed  connective  tjpsiie  cor- 
puscles is  often  found  occupied  l»y  groups  of  young  cells,  which  hiive 
lieen  thought  to  be  derived  by  growth  from  the  fixed  cells,  but  which 
nuiy  also  be  regarded  as  niigmtory  cells  which  bave  collected  in  the 
connective-tissue  spnces.  The  appearance  produced  is  known  as 
eniaH-celled  infdtration. 

It  should  not  he  forgotten  that  hese  tissues  normally  contain  a 
smuM  but  variable  nuiuber  of  migratory  corpuscles  or  leucocytes,  and 
in  inflauiuialiou,  whatever  elso  happens,  the  nuinher  of  migratory 
corpuscles  is  certtnnly  increased. 

ConclaBion. — From  the  above  observations  we  conclude  that  in  in- 
flamed tissues  a  large  number  of  new,  or  at  n!l  events  newly  arrived, 
cells  are  found,  which  are  not  to  be  distiiiguished  from  leucocytes  or 
uiigmtory  corpuscles.  These  uuiy  be  found  in  channels  of  communi- 
cation or  occupying  the  place  of  (he  fixed  corpuscles.  Since  we  know 
that  immense  nwrnhers  of  leucocytes  tlo  escape  from  the  vessels,  it  is 
tbe  most  probable  conclusion  that  the.se  cells  are  derived  thence.  It 
is  not  impossible  that  some  new  cells  are  formed  by  changes  in  the 
fixed  cells  of  the  part,  but  this  is  not  actually  proved.  It  is  also 
ascertained  thiit  free  leucocytes  may  divide,  that  is,  become  converted 
into  two;  and  these  probably  go  through  the  ssi me  process,  so  that 
the  numbers  of  the  original  emigrated  cells  will  be  greatly  increased. 

Aa  an  illustration,  we  may  comjjare  tlie  ti.ssue  with  its  cells  to  a 
country  witli  a  population  partly  stationary  and  partly  nomadic. 
Suppose  that  an  immense  immigration  takes  place  from  neighboring 
parte.  The  nomadic  po|vulation  will  now  be  enormously  increased, 
and  in  many  cases  nomads  may  be  found  occupying  the  abodes  of  the 
fixed  inhabitants,  as  well  as  crowding  all  the  roads  and  channels  of 
communication.  In  such  a  case  it  would  be  very  difficult  for  observers 
from  a  balloon  (for  instance)  to  say  whether  certain  groups  of  individ- 
uals were  immigrants  or  original  inhabitants;  and  if  anyone  were  to 
assert  that  families  of  the  stationary  popuhition  broke  up  their  homes 
and  joined  the  nornads,  it  wouhl  be  very  difficult  either  to  prove  or  to 
disprove  the  assertion. 

Changes  in  the  Bpecial  Tissues  of  an  Inflamed  Fart. — The  re- 
maining tissues,  besides  the  vessels  and  the  tissue-cclis,  play  nminly 
a  passive  part  in  inflammation. 

Tbe  connective  tissue  fibres  often  merely  soften,  lirjuefy,  and  be- 
come absorbed.  In  certain  cases*  however,  a  peculiar  hardness  is 
observed,  which  depends  apparently  upon  thickening  of  the  connec- 
tive tissue  bundles.  This  hardening  is  especially  seen  in  those  cases 
where  a  collection  of  pus,  or  aliscrxs,  is  being  formed.  Hence  the 
older  pathologists  set  down  resistance  frenixus)  as  among  the  signs  of 
the  inflammatory  swelling  and  as  distinguishing  it  from  simple 
cedcina. 

But  the  more  common  result  is  tliat  the  consistency  of  the  tissues 
is  diminished,  muscular  tissue  undergoes  degeneration,  dies,  and  is 
absorbed  or  carricil  away. 
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Nervous  tissue  also  softens  and  is  absorbed,  and  the  same  is  true  of 
other  special  tissues. 

The  changes  of  epithelium  are  more  a  matter  of  controversy. 

Epithelial  cells,  also,  whether  glandular  or  superficial,  have  been 
thought  to  produce  new  cells  in  their  interior ;  and  thus  to  play  the 
same  part  as  that  attributed  to  the  tissue-cells.  But  the  appearances 
thus  interpreted  are  explained  with  more  probability  as  due  to  leuco- 
cytes passing  into  the  interior  of  the  epithelial  cells.  On  the  other 
hand,  it  is  certain  that  a  great  number  of  epithelial  cells  are  destroyed 
in  the  inflammation  of  glandular  organs ;  and  that,  on  mucous  sur- 
faces, the  cells  are  shed  and  carried  away.  On  the  whole,  the  eJBTect 
of  inflammation  on  these  tissues  is  destruction,  consisting  in  local 
death.  These  processes  are,  in  inflammations  which  end  favorably, 
followed  by  fepair. 

Products  of  Inflammation. — By  this  term  we  understand  substances 
which  are  exuded,  or  produced  in  the  tissues  as  a  consequence  of 
inflammation. 

Liquid  exudations  differ  according  to  the  tissue  which  is  inflamed. 

On  serous  surfaces,  the  inflammatory  exudation  differs  from  that  of 
simple  dropsy  in  containing  more  albumen,  in  having  a  higher  specific 
gravity,  and  in  being  coagulable. 


Exudation.  ;    ..r.VXL     i    ^i°".^°    I      Mbria 
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Coagulability  distinguishes  generally  inflammator}'  exudations  from 
those  of  simple  oedema  in  the  serous  cavities,  but  it  is  sometimes  difli- 
cult  to  draw  the  line  between  slight  inflammations  and  dropsies,  as  in 
the  case  of  hydrocele. 

The  structure  of  a  simple  coagulable  exudation  is  well  shown  in  the 
earliest  stages  of  pneumonia,  as  seen  in  Fig.  17. 

The  mass,  which  is  at  first  quite  separable  from  the  walls  of  the 
alveoli,  consists  of  a  fibrinous  network  entangling  red  and  white  blood- 
cells.  It  differs  from  an  ordinary  blood-clot  chiefly  in  containing  a 
few  blood-disks,  and  a  great  many  leucocytes,  whereas  in  normal  blood 
the  converse  is  the  case. 

When  a  serous  exudation  contains  a  very  large  number  of  leuco- 
cytes it  becomes  purulent,  or  approaches  to  actual  pus.  Such  exuda- 
tions coagulate  imprrfectly.  The  density  and  firmness  of  the  coagulum 
formed  by  inflammatory  exudations  is  generally  in  proportion  to  the 
amount  of  fibrin  present,  and  conversely  as  the  amount  of  corpuscles. 
Hence  the  older  pathologi.sts  drew  a  distinction  between  fibrinous 
lymph  and  corpuscular  lymph;  the  former  being  generally  eWdence 
of  a  healthier  state  of  the  body. 
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why  this  sliould  be,  since  the  fluid  excluded  from  the  vessels  under  a 
mucous  surface  nmst  l>e  the  same  as  under  a  serous.  Probably  the 
epithelial  layer  acts  jus  a  filter,  and  intercejits  some  of  the  cheuiical 
constituents  of  tiie  fluid  exuthition,  so  thsit  on  arriving  at  the  surface 
it  can  no  longer  form  fibrin  Arith  the  con.stitucnts  of  the  leucocytes. 
It  hus  also  been  tlu>u<rht  thnt  the  epithelium  bus  some  special  action 
in  preventing  coagulation,  like  the  action  of  the  endothelium  of  the 
Tessela  in  hindering  the  coagulation  of  circulating  blood.  However 
this  may  be,  it  is  certain  that  when  the  epithelium  is  removed,  a 
coaguliible  exudation  may  be  formed,  as  is  seen  when  mucous  surfaces 
are  acted  upon  by  heat,  blistering  agetits,  etc.,  or  arc  affected  by  dis- 
esisea  causing  necrosis  of  epithelium.  Ordinary  irritants  produce  a 
mucou.s  exudation  cmly,  but  strong  irritants,  such  as  ammonia,  io 
animals  produce  fibrinous  e.xudjition;  ami  the  same  thing  has  been 
observed  once  or  twice  in  man. 
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The  ordinary  exudation  from  inflamed  mucous  surfaces  has  much 
resemblance  to  the  norma!  fluid  which  bathes  such  surfaces.  It  con^ 
tains  albumen  and  mucin,  together  with  leucocytes  (mucos-corpuscles), 
and  a  large  number  of  epithelial  cells  detached  from  the  surface. 

As  compared  with  the  normal  nmcus,  the  fluid  product^i.  for 
instance,  in  nawil  catarrh  appeaj-s  to  contain  less  mucin,  more  albumen, 
ftud  more  salts,  especially  sodium  chloride.     Inflammatiuus  of  mucous 
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surfaces  are  genemlly  Citllod  catarrhiil  inflanimntions,  nr  the  slighter 
forms,  ciitarrhs.  When  the  niimbcT  of  leucocytes  is  very  great,  the 
uuiL'nus  exudation  becomes  purulent,,  and  forms  a  pumlent  catarrh. 

The  minute  changes  of  epithelial  cells  in  t-atarrhal  inflammation  are 
seen  in  Figs.  19  and  -0. 

The  principal  changes  then  are:  (1)  Ineroused  tiiunhcr  of  cells 
undergoing  mucous  metabolism  and  increased  production  of  mucus; 
(2)  Infiltration  of  epitlieliiim  with  migratory  leucocytes:  (3)  Shedding 
off  of  epitlielium  with  leucocytes. 

Pub. — An  inflammatory  exudation,  containing  a  very  large  propor- 
tion of  corpuscles  floating  in  liquid  which  does  not  coagulate,  consti- 
tutes pun. 

The  specific  gravity  of  pus  is  10311-1 03:-?.  It  consists  of  a  serutn 
which  is  clear,  slightly  yellowish  in  tint,  feebly  alkaline,  and  coagu- 
lated by  heat. 

The  elements  suspended  in  it  are — the  pus-corpuscles,  which  are 
identical  with  leucocytes,  albuuiinous  granules  and  fatty  granules. 

It  is  iliflQcult  or  itnpossilile  to  separate  the  corjtuscles  wholly  from 
the  serum,  and  all  that  is  known  about  it.s  chemical  composition  refers 
to  pus  as  a  whole. 

Pus  contains  water,  albumen  (apparently  that  of  serum),  globulin, 
and  possibly  myosin;  also  a  large  proportion  of  fats,  viz.,  cholesterin, 
palmittn,  olein,  with  cerebric  and  glycero-ftbosphoric  acids.  It  is  said 
that  protagon  occurs  in  frcj*h  pus.  The  extractive  matters  include 
leucin.  A  substance  calle<l  pyin  is  often  found,  which  resembles 
mucin:  also  mucin,  cliondrin,  and  gelatin,  in  certain  cases,  according 
to  the  source  of  the  pus. 

Paa-corpuscle*. — If  we  exftraine  corpuscles  from  an  inflamed  sur- 
face, such  jis  the  conjunctiva,  under  the  microscope,  with  a  warm 
stage,  they  siiow  the  characteristic  amreboiil  movements  and  changes 
of  form,  sometimes  very  actively.  But  corpuscles  from  a  large  collec- 
tion of  pus  or  abscess  do  not  genenilly  sliow  this,  being  dead  spheroidal 
bodies  in  which  acetic  acid  develops  three  or  more  small  nuclei. 

Granular  corpuscles — i,  e.,  leucocytes  becoming  disintegrated,  are 
often  seen  i'*  such  crL»*es,  and  molecules,  both  albuminous  and  fatty, 
derived  from  the  breaking  down  of  these  bodies. 

Pus  left  to  itself  undergoes  at  first  an  acid  fermentation.  But  this 
ia  soon  replaced  by  an  alkaline  fermentation  in  which  ammonia  is 
evolved.  The  latter  process  is  set  up  by  bacteria  (bacterium  termo), 
which,  it  should  be  remembered,  are  fjutte  distinct  from  the  micro- 
cocci which  some  think  are  the  cause  of  suppuration  in  general. 

The  salts  of  yjus  consist  of  sodiuui  chloride  (in  largest  pro{M»rtton), 
'earthy  and  alkaline  phosphates,  carbonates,  and  u  little  iron. 

The  sodium  chloride  is  chiefly  contained  in  the  serum,  the  phos- 
phates in  the  corpuscles. 

Quantitative  analyses  of  pus  differ  widely.  The  two  following  are, 
perhaps,  fair  average  analyses,  though  arranged  on  different  princi- 
ples: 
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BiSdeker.  Bibrm. 

Water S87.6  862 

AlbuiiK-ii 43.S  ttl 

Extnu-liv»"<         29 

PuM-c<>rj»U!folei"  niul  liiuo<i!«  ....       40.5 

Cholesterin  aud  fat l(l.«.»  12 

Sodium  chloride 5.9  ■) 

Other  alkaline  saltii 3.2  V  9 

Earthy  pho8phat«8  and  inm  .         2.1  j 

Causes  of  Snpparation. — The  liquid  called  pus  is  never  formed 
except  as  the  result  of  inflammation,  but  is  not  a  constant  product. 
It  is  not  yet  quite  clear  what  special  causes  cause  its  production. 
Pus  is  more  liable  to  be  formed  by  inflammation  in  children,  in 
cachectic  people  and  possibly  in  those  who  have  a  special  cachexia, 
viz.,  that  which  predisposes  to  tubercular  or  so-called  **  scrofulous" 
disease. 

It  is  also  far  more  frequently  formed  in  inflammations  of  external 
than  of  internal  parts,  and  the  admittance  of  air,  or  of  something  in 
direct  communication  with  air,  often  causes  the  production  of  pus  or 
suppuration. 

Uence  it  has  been  supposed  that  a  specific  poison  is  necessary  to 
produce  suppuration,  and  that  this  is  conveyed  through  the  air.  But 
there  is  abundant  evidence  that  suppuration  may  occur  when  the  air 
is  excluded,  as,  for  instance,  in  purulent  pleurisy  (empyema),  puru- 
lent pericarditis,  etc.  On  the  other  hand  it  is  equally  clear  that  not 
the  air  itself,  but  certain  things  contained  in  the  air,  probably  minute 
organisms  or  their  germs,  have  a  remarkable  power  of  causing  suppu- 
ration. Hence  is  derived  the  principle  of  antiseptic  surgiTy,  which 
consists  not  in  excluding  air,  but  in  depriving  it  of  germs. 

When  suppuration  occurs  in  internal  organs  secluded  from  the  air, 
it  is  always  possible  that  germs  may  have  been  conveyed  to  the  part 
by  the  blood,  as  will  be  shown  in  speaking  of  disease  germs  ;  but 
this  is  extremely  difficult  to  prove.  However,  modem  methods  make 
it  possible  to  say  whether  pus  does  or  does  not  contain  any  micro- 
organisms ;  and  though,  as  will  be  seen  later  on,  such  organisms  are 
very  common,  there  are,  undoubtedly,  well-marked  cases  of  suppura- 
tion in  which  they  cannot  be  found. 

Heat  of  Inflamed  Farts. — This  particular  feature  of  inflammation 
has  always  attracted  very  special  attention,  and  many  hypotheses 
have  been  made  to  explain  it. 

That  an  external  part  of  the  body  is  found  to  be  hotter,  when 
inflamed,  than  it  is  normally,  or  than  the  corresponding  part  on  the 
other  side  of  the  body,  is  obvious. 

It  is  also  certain  that  internal  cavities,  when  inflamed,  become 
hotter  than  they  were  before.  It  is  not  proved,  however,  that  such 
parts  become  hotter  than  all  organs  of  the  body.  Probably  some 
healthy  internal  parts  are  as  hot  as  inflamed  external  parts ;  at  least, 
there  is  no  proof  that  the  temperature  of  inflamed  parts  ever  exceeds 
that  of  some  internal  parts. 

If  this  be  so,  the  rise  of  temperature  is  due  to  increased  afflux  of 
blood,  and  not  to  any  production  of  beat  within  the  part  affected. 
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Thia  is  confinncil  on  firnliiij:  lliat  the  temperature  of  a  limb  in  the 
state  of  extreiuc  aiMive  hvpunemia,  such  aa  is  produced  by  nerve- 
section,  may  be  higher  than  that  of  the  corresponding  lirab,  even 
when  this  is  in  the  comlition  of  ncute  inflammation. 

This  conduston,  wliiuh,  though  agrt-iMng  with  that  arrived  at  long 
ago  by  Jolm  Hunter,  lia.s  only  bt-en  established  as  the  result  of 
numerous  coullicting  .statenH'nt.s.  is  of  great  ffractical  itiipiTtnnce. 

It  follows  from  this  thai  an  inflainuil  part  Joes  not  return  to  the 
rest  of  the  body  blood  hotter  than  that  which  it  receives;  and  hence, 
that  if  the  temperature  of  the  body  rises  in  ecuisetjuence  of  local 
inflauimation  (as  is  gencraiiy  the  t-use),  it  cannot  be  merely  by  the 
return  of  overheated  blood  through  the  veins  of  the  inflamed  part. 

There  must  be  some  other  cause,  which  is  probably  tiu'  formation 
of  some  special  substance  in  inflamed  parts  which  passes  into  the 
blood  and  produces  the  condition  called  fever. 

The  connection  of  rise  of  the  hody-temjterature  with  inflammation 
is  further  considered  under  the  head  of  Fever. 

Varieties  of  laflammation. — InHatmiiations  may  be  classified  ac- 
cording to  their  duration  ;  acctu-ding  to  tlie  part  or  tissue  affected, 
according  to  the  constitutional  state  or  condition  «jf  the  body,  and 
so  on. 

Acute  inflammation  is  that  which  comes  on  quickly,  runs  a  rapid 
course,  reaches  an  acme  and  then  declines,  like  the  curve  of  a  pro- 
jectile (the  wonl  "acute"  meaning  rapid,  tmt  Si'vert').  A  common 
cold,  acute  lobar  pneumonia  or  rheumatic  pericarditis  may  be  taken 
as  types  of  tliis  form. 

Chronic  infiammation  may  begin  suddenly  or  rapidly  like  the  acute 
form,  or  else  may  come  on  insidiously  and  gradually,  but  difi'ers  in 
this,  that,  insteail  of  undergoing  spontaneous  decline,  it  will  remain 
for  a  long  time  at  a  certain  level  of  intensity,  neither  getting  worse, 
nor  entirely  going  away,  like  a  curve  approaching  its  asymptote. 
Sonietimt'S  clirotiir  JnllainuiatioM  shows  alternate  exacerbations  and 
remissions.  It  will  follow  that  a  chronic  may  appear  to  be  the  sequel 
of  an  acute  inflammation.  Instances  are:  chronic  bronchitis  or  win- 
ter cough,  often  following  an  acute  attack  ;  chronic  inflammation  of 
the  liver  or  cirrhosis,  chronic  gastric  catarrh  and  the  like. 

It  is  obvious  that  the  distinction  is  one  of  degree,  and  that  the  Sine 
is  sometimes  very  difficult  to  draw. 

Chronic  inflammations  in  general  show  less  hyperremia,  with  its 
attendant  phenomena  of  heat,  etc.;  while  the  exudation,  cell  emigra- 
tion, and  possibly  other  tissue  changes,  remain. 

Inflamuuition  of  fibrous  connective  tissue  (interstitial)  shows  very 
difl'erent  types,  according  as  it  is  acute  or  chronic.  The  former  runs 
to  abscess,  the  latter  to  fibrous  overgrowth  or  induration.  At  the 
same  time  the  cell  changes  in  inflamed  part^  already  spoken  of,  what- 
ever their  significance,  are  more  noticeable  in  chronic  than  in  acute 
inflammation. 

The  explanation  of  the  dtflerence  between  the  acute  and  chronic 
form  seems  to  be  that   in  the  tatter  the  change  in  the  vascular  wall. 
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wliiuh  pLToiits  increased  exmlation,  etc.,  retnaiiis,  thou;j:h  the  supply 
uf  i>lood  U)  the  piirt  is  not  in  excess.  Chronic  iriHanimation  is,  in 
fact,  a  condition  of  imperfect  repair  of  tlie  ves-sels. 

Bearing  on  Treatment. — Witliout  entering  on  therapeutic  <|uestion9 
generally,  we  iu:iy  puint  mit  tliat  these  diflerenccs  explain  the  differ- 
ent treatment  wliich  acute  and  clirotiic  intlninmations  re8|>ectivelt 
recjuire. 

In  acute  intlamnmtioii  tiic  chief  object  is  to  diminish  the  excessive 
flow  of  lilood,  so  Its  to  allow  the  natural  processes  of  repair  to  operate, 
and  restore  a  healthy  condition  of  the  vesjieb.  Hence  we  use  cold 
(us  in  the  uj>]»licatinn  of  ice  or  evaporatin*^  lotions  to  inflaucrl  parts)^ 
which  contracts  the  vessels  and  diminishes  the  blood  supply  ;  or 
again,  nstiingent  metallic  salts — such  as  those  of  lead,  zinc,  silver. 
mercury — in  the  form  of  solutions  or  ointments,  and  these  ha%'e  an 
effect  on  the  vessels  similar  to  ihat  of  cold.  The  same  agents  make 
tfio  tissues  more  resistant  and  elastic — that  is,  they  restore  those 
properties  the  loss  of  which  we  have  secJi  to  be  att  important  factor  in 
inrtiimmation. 

Under  the  influencu  of  these  agents  tlie  excessive  bicxxl-flow  is 
restrained! ;  the  ve.s.sels,  no  longer  exposed  to  excessive  pressure,  begin 
to  recover  their  normal  condition ;  exudation  and  other  morbid  pro- 
cesses decline. 

In  chronic  infiamniation  tlicre  is  no  special  reai»on  for  diminishing 
the  b]ood-sn[jpIy,  which  is  probably  not  excessive.  We  want  to  restore 
ihe  nutrition  of  the  fiarts,  aTid  especially  of  the  vessels.  To  effect  this 
it  may  even  be  desinible  to  draw  more  blood  into  the  parts,  which  may 
be  <lone  by  fitimulantSy  1.  e.,  those  agents  which  produce  active  hyper- 
Mjmia — r.q.,  nromutics.  The  supply  of  fre.^ih  healthy  blood  sweeping 
through  the  di.seascd  vessels  will  iuiprove  their  nutrition,  and  the  exu- 
dation and  other  morbid  processes  decline.  Or  again,  it  may  be  useful 
to  set  up,  instead  of  a  chronic,  an  acute  iuHaraunitiou,  after  the  cessa- 
tion of  which  healing  is  more  likely  to  occur.  Or,  again,  we  employ 
caustics  or  destructives,  which  sweep  away  the  old  capillaries  and  aliow 
new  ones  to  be  fortnetl  whidi  have  heallhier  walls. 

Parenchymatona  and  Interstitial  Inflammation. — The  distinction 
between  tljt'sc  f<iriijs  is  bjtscd  U[inij  tin-  fart  tliat  in  nearly  all  organs  it 
is  po.ssiblc  to  distiuLiui^^h  the  cunncctivc-tissue  framework  or  intei'stitial 
structure  of  the  organ  from  the  special  elements  contained  in  it,  such 
as  muscular  fibres,  uerre  fibres,  secreting  cells  (in  hver  and  glauds), 
and  so  forth,  cjulled  the  parenchyma.  Hence,  inflammation  may  be 
distinguished  as  interatitiiil  or  parenchymatnus,  according  as  it  affects 
the  one  or  the  other  of  these  <'onstituents  of  the  organ. 

Interstitial  iuflifmmtttlon  will,  accordingly,  be  the  same  in  all 
organs,  and  the  same  as  in  areolar  connective  tissue,  producing  cellu- 
lar infiltratioi»  in  the  acute  form,  which  may  lead  to  abscess,  and  indu- 
ratii)n  in  the  chronic  form. 

The  character  of  parenchi/nmtoug  inflamuiatton  will  depend  on  the 
tissue  constituting  the  parenchyma  of  the  organ.     lu  the  lung,  inflam- 
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tnatioii  affecting  the  tiir-vesiclea  is  parenchymatous,  and  constitutes 
the  different  forms  of  pneumonia. 

In  the  liver,  kidney,  and  other  glands  changes  in  the  glnndnhir 
epithelium  coFistitute  the  parenchymutous  form.  Tliese  clmngea  are 
supposed  to  he  aiiali)gou.s  to  those  seen  in  inflanrud  mucous  niuHibrunes. 
namely  increaseiJ  growth,  dGgenoratiun,  nntl  death  of  the  epitlielial 
elements  (see  Fig.  21).  Miiscuhir  fihres  jiwel t  u[i  and  become  structure- 
less or  hyaline  (see  Fig.  22).  The  only  change  cunimon  to  all  elements 
so  situated  is  a  granular  degeneration  of  the  cell-jirotoplaaaia  accotn- 
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panied  by  swelling.  This  change,  also  eatled  fKirenchyniatous  or 
albuminous  degeneration  and  cloudy  swelling,  was  regarded  by  Virchow 
as  parenchymatous  intlamraation.  The  name  "inflammation  "  is  not 
in  accordance  with  the  present  usage  generally  given  to  so  simple  s 
change.  Nevertheless  the  name  is  justified  if  inflammation  be  defined 
as  damage,  since  these  changes  are  tlie  direct  consecpience  of  damage 
affecting  tlie  puretichymatous  elements.  Just  as  the  vasculnr  tunl  inter- 
stitial phenomena  of  inflammation  are  the  consecpience  of  damage  to 
the  vessels  and  the  connective-tissue  respectively.  Formerly  this 
change  was  regarded  as  the  sign  of  hypertrophy  ur  overgrowth  *,  but, 
as  now  understood,  it  indicates  degeneration  or  beginning  necrosis, 
and  only  receives  a  sfiecial  name  because  of  its  forming  part  of  a  com- 
plex process  wfiich  includes,  aa  its  other  parts,  vascular  hyperromia 
and  e.\udation. 

Certain  inflammations  are  chiefly  parenchymatous,  and  others  chiefly 
interstitial;  that  ia,  they  affect  either  the  one  or  the  otlier  class  of  ele- 
ments more  particularly.    The  diflVrence  may  dejiend  upon  the  nature 
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of  the  injury  casi^iug  the  iiiHamination ;  also  upon  ihc  varying  intenaity 
of  the  injury,  or  upon  the  longer  or  shorter  time  during  which  it  acts. 
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liifliuiiriiulioii  <•('  iiiii.-utlu  .CuK.Mi.  iukI  Rasmjcui. 

o.  granular  miiacle-flutNttauo« ;  ft,  ring  of  proUipliidin,  witlt  nuclei  &  wit.ltin  ihe 
lemma;  r,  iiifl&med  oouneoti%'e-tiiif!uo. 


These  (iiflerences  arc  well  seen  (as  will  be  more  fully  shown  aft«r- 

wjird)  in  the  action  of  jwisons. 

Soaie  poisons — for  instance,  phosphorus — have  a  special  power  of 
)jroducing  parenchyuiiitous  inflaiiimutiou  (often  ciilled  tlegciienition)  in 
epithelial  elements  such  as  liver-cells  or  n-nal  epithcliiiin.  On  the 
other  hand  the  special  action  of  the  so-callod  irritant  poi(*OD8,  e.  ^7.,  min- 
eral iicida  or  arsenic,  is  to  produce  vasculiir  liypersemia  and  interstitial 
inflammation.  But  these  ."^mne  poisons  in  a  dilute  or  less  iiitense  form 
produce  [)arcnchymatous  chnnj^cs.  An  inslaticc  of  the  effect  of  the 
tinie-fleinetit  in  dctcnnininj;  itiUTHtitial  inflamtiiiititin  is  seen  in  aflfec- 
tiona  of  the  liver.  Many  puisonotis  agents  set  up  acute  parenohyina- 
tous  inflatiiruutiou  of  this  organ,  in  which  the  hepatic  cells  chiefly 
suffer.  But  the  poison  of  alcohol,  though  less  intense,  by  acting  con- 
tinuously for  a  long  time,  sets  uj)  chronic  interstitial  inflnuiuiation 
called  cirrhosis,  in  which  the  va^'^cular  conncetinfj  tissue  is  nio.<it  coi>- 
spicunusly  affected;  tlion;ih  the  liver-cells  are  nt  the  .*!anie  time  very 
largely  destroyed,  either  by  the  direct  action  of  alcohol,  or  as  a  second- 
ary consequence  of  the  interstitial  inflammation. 

It  would  be  a  mistake  to  suppose  that  these  two  forms  of  inflamtnii- 
tJon  are  mutually  exclusive.     They  are,  on  the  contrary,  generally 
combined,  and   may   be  regarded  as  concurrent  eflccts  of  thf 
injury  on  difierent  elements  of  the  inflamed  organ,  a  purely  pareii 
matous  or   purely  interstitial   process   being  rarely  met   with.      The 
combination  of  the  two  may  be  seen  in  inflammations  of  the  liver,  such 
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as  tliat  Just  mentioneil,  or  in  inflammation  of  musrle,  as  shown  in  Figs, 
y  uiui  '2'2,  where,  tliougli  the  chief  alteration  is  in  the  luuseiilar 
fibres,  there  is  commenciug  celluhir  infiltration  of  the  connective- 
tissue. 

In  such  cases  the  question  naturally  arises,  What  is  the  relation 
between  these  two  forms  of  intlammation"!'  Do  they  occur  in  anj  defi- 
nite order  of  sequence?  Are  thev  related  to  one  another  as  cause  and 
effect?  Generally  speaking  it  seems  that  all  elements  of  nn  iudamed 
part  are  injure*!  simultant'ou^ly  ;  hut  if  there  is  a  difierenee  it  is  that  the 
parenchymatous  are  earlier  affected,  as  heing  more  vulnerable  than 
the  connective-tissue,  or  even  than  the  vessels.  It  may  thus  happen 
that  an  acute  and  transitory  injury  may  severely  damage  the  paren- 
chymatous elements,  e.  '/.,  glund-cells,  ganglionic  nerve-cells,  or  nerve- 
fibres,  without  seriously  atfecting  any  other  jiart.  The  cin-ulation  will, 
however,  be  secondarily  disturbed  by  such  tisKue-changes,  as  Landerer's 
researches  have  shown.  It  will  rarely,  if  ever,  happen  that  the  con- 
nective-tissue becomes  inftatned  sooner  than  the  parenchymatous 
elertvents,  but  it  is  possible  for  the  primary  inflammatory  cfiange  to  be 
in  the  vessels,  which  involves  interstitial  exudation,  and  this  will  cause 
secondary  changes  in  the  other  elements.  Thus  a  large  i)art  of  the 
degenerative  and  destructive  changes  seen  in  the  elements  of  inHamed 
parts  are  really  secondary,  ami  not  the  direct  result  of  primary  injury. 
Intei"St.itial  infiammation,  oucc  established,  has  an  undoubted  eifect 
in  causing  destruction  of  the  other  tissue-elements,  especially,  it  ig 
tliought.  by  pressure  and  interference  in  the  blood  supply:  but  it  is 
often  difficult  to  prove  that  the  interstitial  inflammation  is  the  precursor 
of  the  other  clmnges.  The  distinctions  drawn  above  liave  cnnsidej^dde 
clinical  importance.  It  is  only  by  attending  to  them  that  we  can  un- 
derstand the  differences  between  the  several  dise^ises  which  are  called 
inrtammations  of  certain  organs — for  instance,  between  parenchyma- 
tous and  interstitial  nephritis,  two  varieties  of  Bright's  disease  of 
the  kidney.  The  same  distinction  may  be  traced  in  diseases  of  the 
liver,  and  also,  though  less  generally  recognized,  in  inHamraation  of 
the  nerve-centres. 

Eel&tions  of  Inflammation  and  Repair. — Since,  as  has  been  said, 
injury  in  a  living  organism  is  always  followed  by  repair,  there  must 
always  be  some  rencMa]  of  the  tissues  damaged  by  inflammation. 
The  peculiar  feature  of  inthmuiiatory  repair  is  that,  though,  strictly 
speaking,  cunseeutive  to  damage,  it  is  always  seen  to  be  going  on  simul- 
taneously with  it;  so  that,  in  Sir  -lohn  Simon's  words,  "at  no 
stage  of  the  process  is  there  any  show  of  destruction  without  some- 
thing of  renewal  at  its  side." 

The  factors  of  inflammatory  repair  are  partly  general,  partly 
special.  The  chief  genend  factor  is  an  increased  supply  of  nutri- 
ment to  the  tissues,  which  in  vascular  parts  is  supplied  by  the  exuda- 
tion and  emigration  of  leucocytes  from  the  damaged  vessels,  as  above 
described.  In  non-va.%cular  tissues  there  is  an  es.scntially  similar  pro- 
kMBess,  traceable  in  the  increased  flow  of  lymph  and  coqiuscles  through 
the  lymphatic  channels  or  canalicuLi,  as  seen  in  tlie  inflamed  cornea ; 
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nnd  even  here  the  increased  supply  of  material  must  be  derivet 
niatfly  from   the   bloodvessels    of  the  tissues   surroundins    the  noo- 
vascular  part. 

Now  since  this  indispensable  snpjdy  of  nutriment  is  only  afforded 
through  the  daniiige<l  condition  of  the  walls  of  the  vessels,  we  see  that 
this  kind  of  (tamtige  is  essential  to  the  repair  of  the  damage  as  a 
whole,  and  hence  it  is  right  to  speak  of  the  vascular  phenomena  of 
inflammation,  viz.,  hyperemia,  exudation,  and  tlieir  results,  ti^  a  sah- 
tary  process  tending  toward  recovery.  If  we  imagine  the  ease  of  all 
other  tissues  in  an  organ  being  injured,  but  the  vessels  not  datnaged, 
then  the  healing  exudation  would  iiot  be  poured  out,  and  rejvair  woald 
take  place  imperfe<.-tly  or  not  at  all.  The  process  in  such  a  ca««  would 
be  necrosis,  not  inflammation. 

Another  factor  which  appears  to  favor  renewal  of  tissue-elements  is 
the  diminished  resistance  of  surrounding  parts.  In  normal  conditions 
the  elements  of  the  hm\y  form  a  closely-packed  mosaic,  in  whicli  ererr 
cell  has  its  growth  strictly  limited  by  the  pressure  of  those  around  it 
But  let  some  of  these  be  destroyed;  those  which  remain  are,  so  to 
speak,  liberated  from  control,  and  become  more  capable  of  cjrowth  and 
development.  With  all  this,  we  do  not,  however,  explain  the  produc- 
tion of  new  elements,  which  results  evidently  from  the  independent 
activity  of  the  cells. 

Special  reparative  changes. — The  special  factors  in  inflammatorr 
repair  consist  in  the  processes  of  growth  by  which,  in  the  several  tis- 
sues, new  elements  are  produced.  These  processes  are  not  peculiar  to 
inflammation.  In  fact,  they  are  not  even  pathological ;  for  tbey  are 
the  means  by  which,  in  normal  tissues,  new  elements  are  constantly 
being  formed,  to  replace  those  lost  in  physiological  waste. 

Since  each  tissue  has  a  mode  of  growth  peculiar  to  itself,  these 
changes  cannot  be  brought  under  any  general  expression,  and  the  new 
growth  of  connective-tissues  alone  has  any  universal  importance  in  all 
inflammatory  processes.  Of  the  rest,  difl"ercnt  tissues  vary  much  in 
their  capacity  for  repair,  sometimes  being  never  perfectly  restored  if 
much  injured. 

Ganglionic  nerve  tissue  appears  to  have  almost  no  capacity  for  w*- 
toration  ;  nerve-fibres  and  muscular  fibre  are  restored  imperfeotlv. 
Epithelium  and  glandular  tis.sue  recover  from  the  effects  of  slight  but 
not  of  vot-y  severe  injuries.  All  special  tissues  have  a  lower  capacitv 
of  repair  than  connective  ti.ssue. 

As  instances  of  tlie  special  processes  of  repair,  muscle  and  epithe- 
lium may  be  mentioned. 

The  repair  of  muscular  fibre  after  destructive  injury  is  seen  in  Fie. 
22.  Though  the  greater  part  of  the  fibre  suffers  degeneration,  the 
muscle  nuclei  remain  ;  they  swell  up  and  increjise  in  number,  new 
elongated  cells  are  formed,  the  jirotoptasm  of  which  becomes  trans- 
versely striated,  and  thus  oli'iiientary  muscular  fibres  are  produced. 

Repair  of  Epithelium. — On  all  epithelial  surfaces,  including  tlic 
skin,  new  cells  are  c»>nstantly  being  produced  to  rej)lace  those  which 
are  shed  ofl".    In  catarrhal  infliunmations,  the  process  of  cell-production 
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linm  walwiivs  forint'd  from  preexist  in^f  opiibflitim.  attd  lieiice,  if  tfie 
layer  of  cpitht'Iial  cells  be  coiiiptetely  rt'iiimt'il  from  a  certain  area  of 
the  surface,  it  will  only  he  restored  l>_v  growth  inward  from  the  margin. 
New  cells  np]tcar  to  be  formed  from  the  old  by  t!ie  process  of  cell  mul- 
tiplication or  prolifertition  elsewhere  described. 

GJaudukr  epithelium  must  be  continually  reproduced  iu  normal 
conditions,  since  in  many  secretory  processes  cells  are  destroyed. 
New  cells  may  be  seen  growing  up  side  by  side  with  the  old  and  effete 
elements,  but  their  relation  to  them  is  not  always  clear. 

Bepair  and  New  Growth  of  Connective-tissue. — The  repair  of 
this  tissue  has  :i  specially  important  relation  to  intlammatioti  for  the 
following  reason. s: 

Fimt,  connective-tissue  being  present,  broadly  speaking,  in  all 
organs,  the  phenomena  of  its  restoration  are  always  seen  in  injured — 
that  is,  inflamed,  parts.  Secondly,  this  tissue  has  u  greater  capacity 
for  repair  than  special  tissues.  Conseijueiitly,  if  the  latter  are  imper- 
fectly restored,  as  often  happens,  new  connective  tissue  takes  their 
place.  Thirditfy  the  process  of  restoration  of  connective  tissue  often 
passes  the  hounds  of  mere  repair,  and  becomes  liyperplasia  or  over- 
growth. In  that  ca.se  this  newly  formed  fibrous  tissue  appears  as  if 
it  were  a  prodwt  of  intlammation,  and  in  the  sense  of  being  a  result 
of  tbe  inflauimutory  proce.ss  it  certainly  i.s  so. 

The  process  of  repair  in  connective-tissue  appears  to  be  inseparably 
connected  with  exudation  and  cell-emigration  from  the  bloodvessels 
The  first  step  clearly  is  the  effusion  of  a  coagutable  exudation  or  in- 
flammatory lymph.  It  was  at  one  time  thought  that  this  material, 
called  plu.'^tic  lymph,  was  directly  converted  into  fibrous  tissue,  or,  as 
it  is  said  organized.  But  more  minute  research  has  shown  that  the 
process  is  not  ipite  so  simple.  The  fibrin  of  the  exudation  appears 
to  play  only  a  pa.s.sive  part,  or,  at  most,  to  serve  as  a  sort  of  temporary 
cement  The  essential  change  consists  in  the  substitution  for  this  in- 
organized  materinl  of  a  (rue  tissue,  formed  out  of  the  perniiinent  and 
Diigratory  elements  (that  is,  out  of  the  ti.ssue-oelts  and  the  leucocytes) 
and  supplied  with  bloodvcpisel^  vhich  grow  out  of  the  existing  vessels 
of  the  part.  The  "  vascularization  of  the  lymph"  is  an  essential  element 
of  the  process. 

The  result  of  these  processes  ia  the  production  of  a  sort  of  temporary 
structure  which  becomes  converted  into  fibrous  tissue.  This  tem|>orary 
structure  is  pj-esent  tiiore  or  less  clearly  in  all  the  so-called  "  plastic 
inflaiunintions."'  that  is  to  say,  those  in  which  new  connective-tissue  is 
formed  ;  for  instance,  in  adhesive  pleurisy  and  similar  inflammations 
of  seroua  membranes,  and  in  the  liealing  of  almo.st  every  kind  of 
wound,  internal  and  external.  It  also  fills  uji  the  gajts  formed  by 
deep  ulcers  or  otiier  lesions  of  the  skin.  When  it  reaches  the  external 
surface,  uncovered  by  epidermis,  it  takes  the  form  of  what  is  called 
granulations  or  "  proud  flesh,"  often  projecting  above  the  surface, 
(tranulations  supply  the  best  type  of  this  temporary  tissue,  which  is 
hence  called  !xranuhition-tis.sue.     Thoujrh  ffranulation-tissiie  is  a  neces- 
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sary  step  in  the  process  of  restoration,  its  persistence  is  naturallj  and 
riglitly  regardod  as  a  sign  of  imperfect  repair. 

Structure  of  Granulations. — In  describin;^  this  structure  we  are 
describing  what  is  doubtless  ))resent,  in  a  more  or  less  perfect  form,  in 
the  internal  processes  alhideil  to  above. 

The  general  appearance  of  the  bright  red,  liighly  vascular  structure, 
readily  bleeding  when  touched,  and  always  giving  off  pus-cells  in 
greater  or  less  number,  is  well  known.  When  examined  in  the 
earliest  stage,  a  granulation  appears  to  consist  of  a  little  ninss  or  clump 
of  leucocytes  escaped  from  the  neighboring  vessels.  There  is,  however, 
reason  to  think  that,  in  some  cases  at  least,  the  production  of  a  vascu- 
lar bud  or  outgrowth  tending  to  form  a  new  bloodves&el,  mnx  take 
place  simultaneously,  liut  Ziegler  and  others  refer  this  to  a  later 
perio<l. 

We  seldom  see  granulations  in  so  early  a  stage  as  this.  \Vlien 
examined  hiter,  they  show  the  more  elaborate  structure  represented  in 
Fig.  23. 

Km.  2:{. 


structure  ol  grauulaliuna.     (SUV  dintiis.) 
a,  lilfMwlvf lisels ;  b,  leMc<>cyt«s  or  nuclei;  c,  epithelioid  c«1Ib. 


Here  we  see  bloodvessels  (a)  cut  in  section,  but  which  in  realitr 
form  loops,  some  formed  fibrous  tissue,  and  a  great  number  of  leuco- 
cytes, b  (more  numerous  than  shown  in  the  figure),  derived  from 
the  vessels.  Besides  these  are  other  cells  (f),  which  form  ilie  tuosi 
important  link  in  tissue  formation,  viz.,  the  epithelioid  cells,  also 
calle<l  fibroblasts  or  fibro-phistic  cells.  It  is  by  the  metamorphosis  of 
these   that  the  connective- tissue   fibres  are  formed.     What  is  their 
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origin?  According  to  Ziej^ler  (whose  views  are  not,  however,  uni- 
versally accepted),  they  are  formed  out  of  the  emigrated  leucocytes  in 
the  following  way.  While  a  great  number  of  leucocytes  become  con- 
verteil  into  ordinary  ims-corpuscle8,  with  luukiplc  nuclei,  and  perish, 
others,  wliich  liave  but  one  large  nucleus,  increase  in  tihe,  and  their 
protoplasm  becomes  granular.  At  the  satne  tiuie  the  nucleus  tnider- 
goes  a  remarkable  change;  it  becomes  clearer,  oval,  arid  vesicular,  so 
as  to  resemble  the  nucleus  of  a  sarcoma  cell,  the  function  of  which 
is  also  to  form  fibrous  tissue  (see  Chapter  XXI.).  The  nuclei  mul- 
tiply by  fisjiion,  probably  by  the  indirect  method  called  karyokinesis, 
and  division  of  the  protoi)lasnj  follows,  so  that  the  cells  increase  in 
number.  If  the  cell  division  does  not  keep  pace  with  the  multiplica- 
tion of  nuclei,  binuclear  or  naultinuclear  cells  are  formed.  The 
latter,  called  "giant  cell.s,  '  are  sometimes  seen  in  granulations,  but 
not  commonly  or  abundantly.  Cells  are  also  said  to  fu.se  with  one 
another,  ami  this  is  perhaps  one  way  in  which  giant  cells  are  pro- 
duce<l. 

The  cells  thus  modified  put  fortli  prutophismic  processes  either  at 
both  ends,  so  as  to  form  a  bipohir  spiudle-cell,  or  in  several  directions, 
80  as  to  form  branched  cells.  The  next  step  is  the  formation  of  con- 
nective-tissue fibres.  It  is  a  standing  controversy  in  normal  histology 
whether  these  are  formed  by  splitting  up  of  the  protoplasm  of  the 
tissue  cells,  or  by  fibrillation  of  the  intercellular  substance.  In 
inflammatory  tissue  formation,  at  le<ust,  it  is  tliought  that  both  pro- 
cesses occur,  so  that  fibres  originate  from  both  these  sources.  At  all 
events,  the  result  is  that  fibrous  tissue  is  foi'ined,  the  nuclei  of  the 
fibrobhusts  remaining  as  the  nuclei  of  the  tissue. 

The  otdy  jKiint  still  remaining  a  matter  of  controversy  is  the  origin 
of  the  fibrobhusts.  Those  who  deny  Zieglers  exjihinalion  given 
above,  believe  these  elements  to  be  derived  from  the  tissue  cells  of 
the  part,  which  by  proliferation  give  rise  to  new  cells,  witb  the  char- 
acters above  described,  while  the  leucocytes  undergo  degeneration. 
The  evidence  that  the  tissue  cells  do  give  rise  to  new  elements  is  very 
strong;  and,  provisionally,  it  may  be  regarded  as  probable  that  both 
modes  of  formation  actually  occur.  Prolifi-ralion  of  the  fixed  con- 
neotive-ti.s.>jne  cells  takes  place  according  lo  the  mctliixl  nf  normjil 
parts  It  is  remarkably  well  si-en  in  chronic  inftanuniitions  of  the 
peritoneum,  where  figures  like  those  of  Fig.  15  are  seen  much  more 
abundantly  and  conspicuously. 

Vessels  of  Oranulations. — The  bloodvessels  which  form  an  im- 
portant pLUt  of  the  gianulation-tissue  are  derived  entirely  from  out- 
growths of  the  preexisting  vessels.  According  to  Ztegter,  this  does 
not  occur  till  the  first  fibroblasts  are  develofunl.  The  proce-ss  of  for- 
mation is  described  and  figured  in  Chaitter  XX. 

The  new  vessels  take  the  form  of  loops  or  arches,  and  rapidly 
extend.  They  bring  fresh  sup[)lies  of  plasma  to  nourisli  the  growing 
tis-sues,  and  also  inanibers  of  leucocytes,  some  of  which  take  part  in 
the  formative  process;  others  are  thrown  out  on  the  surface  of  the 
granulations  in  the  form  of  pus-cells. 
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Cicatricial  TiBsne. — Tlic  nt>w  fibrous  tissue  wbicli  results  from  tlie 
proces.*  sibove  described  bus  importimt  functions.  It  fills  up  the  gapa 
left  by  tbe  tlestruclioii  of  otht-r  tissues  and  tlnis  forms  a  scnr,  cicatrix, 
nr  cicatricial  tis.«uo,  of  whicb  tbe  external  cbaracters  are  well  known. 
It  also  forms  iiilbimmutory  adbesions  between  contiguous  parts,  m 
seen,  for  instance,  in  tbe  adbesioii  of  opposite  surfaces  of  the*  serons 
sues,  wbicb  often  follows  pericarditis,  pleurisy,  and  similar  processes. 
It  also  constitutes  tbe  socalle<l  ''fibroid  tissue"  wliicli  is  seen  in 
chronic  interstitial  inllammation  of  solid  organs  such  as  the  liver  and 
kidney. 

In  the  latter  cases  the  production  of  new  tissue  is  greatly  in  excess 
of  that  originally  existing,  and  constitutes  a  fibrous  hyperplasia.  It 
is,  therefore,  deleteriouH  instead  of  being  useful. 

Cicatricial  tissue,  whether  formed  externally  or  internally,  has  a 
marked  tendency,  after  it  is  once  formed,  to  contract.  Hence  tbe 
notable  contraction  seen  in  superficial  scars  of  the-  skin,  and  the 
diminution  of  bulk  in  organs  affected  with  interstitial  inflammation. 
In  80  doing  it  coinpreH.><es  tbe  other  tissues  of  the  organ  affected,  and 
thus  gives  rise  to  a  special  form  of  injurious  action  or  disease,  j^jnie- 
timcs  called  fibroid  degeneiation  or  fibrous  substitution,  hut  which 
reaily  consists  in  hyperplastic  production  of  connective-tia.xue,  with 
simultaneous  wasting  or  destruction  of  the  other  elenient.s. 

Permanent  Granulation-tiBsue. — In  what  may  be  considered  »* 
normal  or  ordinary  inflammations,  granulation-tissue  is  tnerely  a  stage 
in  the  formation  of  fibious  tissue,  and  therefore  essentially  transitorv; 
hut,  in  certain  specific  infianmiatioiis,  due  to  the  continuous  action  of 
a  specific  virus,  tltis  intermediate  stage  toward  repair  (so  to  speak) 
remains  permanent- 

A  tissue  essentially  the  same  as  that  above  described  is  formed,  but 
undergoes  transformation  into  fibrous  tissue  imperfectly  or  not  at  all. 
Even  if  a  fibrous  scar  is  formed  in  one  part,  imperfect  tissue  remains 
in  another  and  extends  to  neighboiing  healthy  parts,  and  thus  com- 
plete healing  never  takes  place,  at  least  until  the  cause  of  inflamma- 
tion is  removed.  This  is  the  case  in  such  diseases  as  tubercle,  syph- 
ilis, lupus.  In  these  diseases  tumors  or  masses  of  tissue  are  'pro- 
duced, which  look  like  healing,  but  never  heal.  Hence,  the  analoigT 
of  these  products,  first  pointed  out  hy  Virehow,  with  granulations  ha's 
led  to  their  being  called  granuhitioti  tumors  or  granuloniata.  And 
since  they  owe  their  origin  to  what  is  calle<l  an  infective  poison,  tliev 
are  called  infective  granuloniata.  The  process  giving  rise  to  all  tbe^c 
protfuots  is,  however,  really  chronic  inflammation,  as  will  be  sbown  in 
another  part  of  this  work,  where  the  nature  of  tbe  specific  poisons 
giving  rise  to  these  diseases  is  discussed. 

Plasma  Cells. — A  jicculiar  form  of  cell  is  often  seen  in  granula- 
tions and  granulomatous  tumors,  as  also  sometimes  in  normal  oon- 
nective-iissue,  of  i\bicli  the  functions  and  impoitancc  are  undeter- 
mined, but  which  are  of  interest  as  having  sometimes  g:iven  rise  to 
errors  of  observation.  If  Fig.  23  be  closely  examined,  there  will  Iw 
seen,  surrounding  ihe  vessels,  certain  cells,  which  are  very  deopir 
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stained  with  tlie  logwood  dye  and  contain  deeply  colored  granules. 
The  same  structures  (hut  from  a  tlifferent  specimen,  a  granulomatous 
tumor)  are  set-n  JiigJdy  nisignificd  in  Fig.  24.  These  are  tlic  tto-called 
"ptasnia  cells"  or  *'jii(f*f2c7/i'n,"  They  arc  larger  than  leitcocyfes, 
sometimes  much  larger,  of  variahle  sliapr,  have  a  granular  protoplasm 
and  a  pale  inconspicuous  nucleus.  Their  nio.st  striking  featnre  is  the 
presence  of  granules,  genendly  quite  globular  and  sometimes  remark- 
ably uniform  in  size,  which  .<*omewli!it  resemble  molecules  of  fat,  but 
are  difierently  affected  by  coloring  agents.  From  their  heitig  always 
found  in  the  neighborhood  of  blood  vessels,  these  cells  have  been 
thought  to  hear  some  special  relation  to  the  nutrition  of  the  tissues 
(hence  the  name  Mastzellen  or  feeding  cells),  but  of  this  there  is  no 
proof.     Some  observers,  as  Ziegler,  regard  them  as  degenerated  cells, 
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Section  of  n  granuliuiiaUMii'  tunmr,  i<hovviiig  pln«mit  rH*ll«. 

V   UoodvesKsh;    I.e.  leuoocyt«a;   g.e.  pliuunn  wlls   (stained  with   methyl-riolet  by 

Ururn's  method).     Magnitied  SSO  diams. 

but  their  constant  occurrence  in  growing  parts  seems  to  show  that 
they  lire  rather  related  to  processes  of  growth,  though  in  what  way  is 
unuetermined. 

Piasmii  cells  aw  distinguished  by  their  behavior  with  coloring  mat- 
ters, especially  witli  aniline  dyes.  They  absorb  the  latter  with  great 
avidity,  and  retain  thera  against  the  action  of  almost  all  decolorizing 
agents.  Thus  methyl  or  gentian-violet  stains  the  granules  intensely 
purple  and  the  nucleus  of  a  paler  tint,  Mhile  the  color  is  not  dis- 
chargeil  by  iodine  {(iram's  method).  In  some  respects  their  color 
reactions  resondile  those  of  elrments  in  lardaceous  or  amyloid  degen- 
eration (Chapter  XV.),  When  thus  colored  these  granules  have  much 
resemblance  to  micrococci,  and  the  cells  containing  them  have  some- 
times been  mistaken  for  groups  of  those  microorganisms. 

Infective  Inflammations, — IJesides  external  injury,  it  has  been  said 
that  the  commonest  causc  of  inflamraatjon  is  an  infective  poison, 
either  intiwiuced  direct  or  conveyed  by  the  blood.  So  much  is  this 
the  case  that  some  pathologists  (as  Hiitcr)  have  thought  all  inflamma- 
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tion  to  be  caused  by  some  such  poison ;  others  have  thought  that 
suppuration  especially  is  thus  produced.  Without  discussing  this 
point  fully  here,  it  may  be  pointed  out  that  many  inflammations,  once 
thought  to  be  spontaneous,  are  now  shown  to  be  due  to  infective 
poisons  carried  by,  or  contained  in,  living  organisms ;  and  that  thus 
the  number  of  spontaneous  or  so-called  idiopathic  inflammations  is 
constantly  diminishing.  The  whole  subject  of  infective  and  specific 
inflammations  will  be  discussed  in  the  second  part  of  this  work. 


CHAPTER   XI. 


FEVER. 


One  consequence  of  inflammatiofi  which  is  always  observed,  if  the 
inflameti  part  is  sufficiently  large  to  produce  a  notable  effect,  is  the 
condition  callerl  fever.  This  con«lition  may,  however,  be  produced  by 
other  causes  which  will  he  spoken  of  presently.  The  essential  factor 
in  fever  is  a  rise  in  the  temperature  of  the  body,  but  with  this  are 
generally  associated  certain  other  symptoms  which  may  be  briefly 
enumerated  aa  follows  :  increased  rapidity  of  the  pulse  and  of  respi- 
ration ;  disturbance  of  the  nervous  system  shown  by  excitement, 
delirium,  etc.;  disturbance  of  the  normal  apparatus  for  regulating  the 
temperature;  disturbance  of  the  muscular  system,  shown  by  weak- 
ness or  by  irregular  contractions ;  disturbance  of  the  digestive  system, 
shown  by  the  loss  of  appetite,  nausea,  etc.;  alterations  in  the  secre- 
tions of  the  kidneys,  and  probably  of  other  glands ;  and,  lastly,  a 
general  impairment  of  nutrition  which  lea(b,  if  continued,  to  emacia- 
tion and  to  degeneration  of  the  various  tissues.  It  is  not  clear  tliat 
all  these  symptoms  are  consequences  of  a  rise  of  temperature,  but  the 
latter  is  the  only  absolutely  constant  feature  of  the  febrile  state.  The 
rise  in  the  temperature  of  the  body  has,  then,  tlic  first  claim  upon 
our  attention,  and  to  understand  this  we  must  firet  consider  what  are 
the  normal  laws  of  temperature  in  the  human  body. 

The  temperature  of  the  body  is  subject  to  regular  periodical  varia- 
tions, so  that  it  is  not  con-ect  to  speak  of  uny  exact  number  of 
(legreea  as  expressing  the  normjil  temperature.  Makers  of  thermom- 
eters are  in  the  habit  of  marking  U8.tj°  F.  as  the  normal,  but  this  has 
no  validity,  since  it  only  indicates  a  supposed  average.  In  the  case 
of  a  periodical  function  the  average  is  of  little  importance,  and  in 
this  case  tlie  iletermination  of  a  true  averajie  is  an  almost  insoluble 
problem.  The  range  of  temperature  compatible  with  health  in  man, 
as  measured  in  the  axilla,  is  from  1)7.2°  to  99.5'^  F.;  in  the  rectum 
from  98.2°  to  100.4°.  Temperatures  taken  in  the  mouth  may  bo 
regarded  a.s  intermediate  between  these  two,  there  being  usually  a 
difference  of  about  \°  between  the  mouth  and  the  axilla.  The  tem- 
perature of  children  is  on  an  average  four-tenths,  or  half  a  flegree, 
higher  thun  in  adults,  and  in  old  people  it  is  usually  .somewhat  lower. 
Temperatures  helow  the  lower  limit  or  above  the  higher  may  be 
regarded  as  abnormal ;  hut  a  temj>erature  within  these  limits  may, 
under  some  circumstances,  be  abnormal  if  it  occur  at  a  time  when  a 
higher  or  lower  temperature  respectively  is  to  be  expected.  Varia- 
tions between  these  limits  depend  partly  upon  individual  constitution 
and  partly  upon  the  time  of  day  at  which  the  observation  is  taken. 
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The  iliunial  fluctuations  of  temperature  in  health  are  very  impor- 
tant. Mj  own  personal  observationH  made  tliiring  several  months 
showed  that  the  lowest  temperature  occurred  late  at  night,  that  there 
was  a  rise  in  the  morning  after  walking,  especially  after  getting  up, 
and  in  a  still  more  marked  tlegroe  after  the  first  meal.  The  uiaxi- 
nmm  daily  temperature  often  occurred  in  the  forenoon,  but  sometimes 
in  the  afternoon  when  a  substantiul  midday  meal  was  taken.  The 
general  rule  is  that  the  maximum  occurs  late  in  the  afternoon,  and 
after  this  there  is  a  steady  fall  till  late  at  night,  whidi  is  retarded, 
but  not  prevented,  by  an  evening  raeal.  In  gome  persons  the  nnni- 
mum  occurs  at  one  or  two  A.  M. ;  in  others  it  occur?  about  six  A.M. 
The  variations  are  niucli  influenced  by  food,  hut  not  entirely  ilefKriid- 
ent  upon  it,  since  they  occur  also  in  fasting  persons.  Exercise  has 
a  marked  effect  in  raising  the  temperature — showing  that  thocheutieaJ 
changes  associated  with  muscular  contraction  produce  heat  at  the 
same  time  as  they  eflect  mechanical  work.  But  since  the  same 
energy  cannot  appear  both  as  heat  and  as  work  the  rise  of  tempera- 
ture is  not  in  proportion  to  the  work  done.  If  a  large  amount  of 
work  be  done  in  a  short  time  the  temperature  may  even  fall  instead 
of  rise,  as  I  have  found  in  the  rapid  ascent  of  a  height.  Moreover, 
different  kinds  of  exerci.se  difi'er  much  in  their  effect  upon  tempera- 
ture. External  cold  and  heat  have  a  great  deal  of  effect,  the  body 
being  cooled  by  a  cold  bath  and  heated  by  a  hot  one.  but  the  6r8t 
effect  of  external  cold  is  to  raise  tlie  temperature  of  internal  organs, 
doubtless  because  it  contracts  the  cutaneous  vessels  and  drives  the 
blood  into  internal  parts.  Tn  hot  countries  the  body  temperature  is, 
on  the  average,  somewhat  liigher  than  in  cold  countries.  It  appears 
clear,  however,  that  the  body  possesses  the  power  of  spontaneously 
regulating  the  temperature,  since  this  remains  nearly  constant  through 
all  external  changes. 

This  regulative  power  chiefly  resides  in  a  mechanism  by  which  more 
or  less  blood  is  sent  to  the  skin  through  relaxation  or  contraction  of 
its  bloodvessels.  The  greater  the  amount  of  blood  sent  through  the 
skin  the  more  rapidly  does  the  body  cool.  If  the  skin  be  compara- 
tively bloodless,  cooling  is  checked  and  the  heat  accumulates  in  the 
internal  parts.  The  cooling  of  the  akin  is  effected  partly  by  mere 
rafliation,  partly  by  the  evaporatir)n  of  water  excrete<i  by  the  sweat- 
glands.  But  since  the  amount  of  sweat  excreted  depends  upon  the 
amount  of  blood  sent  to  the  skin,  these  two  factors  act  in  nonunl  con- 
ditions concurrently,  and  need  not  be  opposed.  This  machinery  ap- 
pears to  be  under  the  control  of  a  nerve-centre  situated  in  the  medufla 
oblom/ata,  and  acts  by  means  of  the  vago-motor  nerves.  Rise  of  bmlv- 
teniperature  in  normal  conditions  causes  a  flow  of  blood  to  the  skm 
and  conseijuent  cooling.  Lowering  of  temperature,  on  the  other  hand, 
withdraws  blood  from  the  skin,  so  that  the  radiation  of  beat  from  the 
surface  of  the  bo<.ly  is  reduced  to  a  minimum. 

The  cooling  process  lioubtless  consists  chiefly  in  lowering  the  tem- 
perature of  tlie  blood  contained  in  the  skin  ;  the  blood  thujs  coaled 
being  returned  1^  the  body  by  the  veins,  and  producing  ita  efieots  oil 
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the  whole  eirciilnfion,  Thi.s  nrningeinerit  is  reiilly  facilitatoil  hy  wlnit 
miglit  soi'tn  to  hiiiJer  it,  namely,  tlie  introiiiii'tion  of  a  biul  tMUnhictur 
of  heat,  adipose  tissiu*,  botivefii  the  skiti  iiml  the  internal  organs. 
This  makes  tt  possible  for  thy  skin  to  havx-  ti  lempcnitwre  of  its  own, 
(lifl'enmt  froui  that  of  the  iiitenuil  pjirts.  Tmnsffrt^noe  of  hetit  froui 
lilt'  inside  to  tlie  outside  aecordin^'ly  takes  place  hy  tlie  cirftilaling 
hlood  and  not  by  direct  euiidiictioti.  Coolii);r  js  thus  elfeilt-'d  more 
rapidly  thiiti  it  would  be  in  tlie  case  of  a  dead  body  or  other  mass  of 
solid  matter  without  internal  Jiiovements. 

Cases  in  whicli  external  temperature  is  higher  than  that  of  the  body 
are  not  important  for  the  present  purpose  ;  but  it  may  be  noted  that 
radiant  heat  acting  on  the  surface  of  the  boily  reaches  the  internal 
]iarts  in  the  »ame  way ;  heating  the  blood  of  the  skin,  whieh  passes 
inward  hy  the  veins. 

Another  means  by  which  the  blood  is  cooled  is  by  evaporation  and 
radiation  from  the  internal  surface  of  the  lungs  ;  and  since,  when  the 
body-temperature  rises,  res[)jralion  is  quickeneil,  this  also  is  a  regula- 
tory mechanism  tending  to  kee[i  the  temperature  normal.  Excretion 
from  glands  causes  a  constant  though,  except  in  cases  of  sweat-giands, 
not  an  Jmpiirtsint  loss  of  heat.  It  is  estimated  that  80  per  cent,  of 
the  heat  is  lost  through  the  skin  ;  and  less  than  '20  per  cent,  through 
the  lunga. 

Equilibrium  of  Temperature. — The  temperature  of  the  body  thus, 
at  any  moment,  tlejtends  upon  a  hidance  between  the  heat  which  is 
constantly  being  produced  by  clieniical  proce^^se-s  within  the  body,  and 
the  amount  of  external  radiation  and  eva|)iirittion  regulated  chiefly  in 
the  manner  just  described.  These  regulative  processes,  it  should  be 
remembered,  act,  in  health,  automatically,  that  is  to  say,  any  rise  or 
fall  in  the  body-temperature  at  once  seta  in  motion  a  mechanism  by 
which  the  disturbance  is  comjjensated. 

Rise  of  temjierature  may  then  be  a  consequence  of  increased  produc- 
tion or  of  diminished  lossof  hejit.  Increased  heat-production  will  not 
always  be  accompanied  by  rise  of  tem[)enUnre  ;  for  it  may  be  compen- 
sated by  increased  activity  of  the  cooling  process.  Or,  again,  the  rise 
of  temperature  may  be  deferred,  and  thus  appear  at  a  time  when  the 
production  of  heat  is  apparently  not  in  excess. 

Variations  in  Production  of  Heat. — The  jiroduction  of  heat  in  the 
body  being  tlie  result  of  chemical  changes  in  food  substances  or  tissues, 
is  most  abundant  where  these  changes  are  most  activf,  and  especially 
in  the  voluntary  muscles  and  the  glands.  Tiie  muscles  piny  the  more 
important  part,  on  account  of  their  large  mass,  making  up  nearly  one- 
half  the  body,  and  because  o.vidation  is  most  active  in  them.  The  liver 
has  a  higher  temperature  than  any  otlier  org;in — 104'^  F.  (CI.  Ber- 
nard)— and  the  blood  in  the  hepatic  vein  has  nearly  the  same.  Vicing 
almost  two  degrees  hotter  than  that  in  the  aorta.  In  all  active  glands 
and  muscles,  the  issuing  venous  blood  is  hotter  than  the  entering  ar- 
terial blood.  Hence  increased  functional  activity  of  these  organs,  as 
in  muscular  e.xerci8e  or  in  assimilation  of  food  will  account  for  increased 
production  of  heat,  which  may  be  considered  as  a  sort  of  additional  or 
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supplementary  funetiori  of  these  organsi.  In  normnl  conditions 
the  so-ealleiJ  "■thermogenic"  riinction,  keeps  step  with  the  proper  func- 
tion of  contraction  or  secretion  ;  and  though  we  are  not  able  to  mt 
p(»itively  that  the  two  functions  sict  in  proportion  to  one  another,  at 
all  evente  they  cannot  be  separated.  Hut  in  abnormal  conditions  the 
thermogenic  function  (of  muscle,  for  instance)  may  be  displayed  witi- 
out  its  contractile  function  being  exercised,  and  by  pathological  experi- 
ments it  has  been  foun<l  possible  to  isolate,  to  a  certain  extent,  the 
thermogenic  function.  Thus  Dr.  I>.  Macalister  found  that  stimalation 
of  the  sciatic  nerve  of  a  frog  causes  tetanic  contraction  of  the  tJjigh 
muacles,  and  at  the  same  time  a  rise  of  temperature  in  them.  But  if 
the  stimulation  be  continued  too  long,  the  thermogenic  power  of  the 
muscle  is  lost,  and  there  is  no  rise  of  temperaturoj  though  the  power 
of  contraction  remains.  Thus  the  thermogenic  function  is  exhausted 
sooner  than  the  motor  function.  This  result  may  bo  compared  with 
the  personal  observation  quoted  above,  of  full  of  body  temperature  in 
ascending  a  heiglil.  It  has  also  been  found  that  external  cold  impairs 
the  thermogenic  function ;  and  that  the  poison  curare  abolishee  this; 
at  the  same  time  as  it  does  the  motor  function  of  muscle;  so  that  a 
curnrized  animal  cannot  maintain  its  temperature. 

Theory  of  a  Heatncentre. — To  explain  these  facts  it  has  been  further 
8uppo!*ed  that  the  thermogenic  function  is  under  the  control  of  a  special 
nervous  mechanism,  including  a  nerve-centre  in  the  cerebrum,  nnd 
fibres  either  special  or  identical  with  motor  fibres,  going  to  llie  mus- 
cles. This  is  a  difficult  point  in  physiology  which  will  lie  discussed 
later  on.  But  it  must  never  be  forgotten  that  heat  cannot  be  made 
out  of  nothing,  and  can  only  result  from  the  conversion  into  it  of  some 
other  form  of  pliy)<ical  force,  or  of  chemical  affinities. 

Temperature  in  the  Febrile  State. — Now  in  febrile  temperatures 
we  have  two  conspicuously  abnormal  conditions  :  first,  the  tenipei"ature 
is  actually  higher  than  in  health;  second,  the  regulative  mechanism 
acts  in  an  abnormal  manner.  The  tempeniture  in  fever  may  in  rare 
cases  rise  to  1'>K°,  11<I°,  or  possibly  even  higher;  but.  .«ipeaking  gener- 
ally, 104*^  or  10.0*^  indicates  tever  of  sotne  intensity.  Wunderlich 
givea  the  following  scale: 


Subfubrile  temperature . 
Slight  fever    . 
M(xierti(e  lever 
C(>n»idemlil«!  fever . 
High  fovcr 


9B.6°  Ui  100.4° 
IWA"  to  101.3" 

101.3°  to  102.2'*Tnomtiig,iiii.i  .vciiiijn  iii.j.»* 
103. 1°  mominu:  U»  104.lt°  pvening. 
Tempcrnturr«  above  these. 


The  commencement  of  fever,  if  rapid,  is  often  indicated  by  a  sensation 
of  cold  or  chill,  accompanied  by  contraction  of  the  skin  and  irreguhir 
muscular  movements  called  shivers,  or  rigors.  But  while  cob!  is  felt 
the  temperature  of  the  body  is  rising.  This  is,  of  itself,  enough  to 
show  that  the  regulating  machinery  is  disturbed,  for  it  is  clear  that  the 
condition  of  the  skin  hinders  cooling,  and,  so  far  as  it  g»">e9,  tends  to 
heighten,  insteacl  of  to  abate,  the  fever.  The  chill  is  generally  suc- 
ceeded by  a  feeling  of  warmth  and  flushing  of  the  skin,  during  which 


121 


the  temperature  infiy  either  fall  or  go  on  rising.  Another  abnormal 
coinlitioii  in  the  heat-regulation  marliinerj  in  cases  of  fever  is  the 
variable  amount  of  perspiration.  Very  generally  the  increased  heat 
of  tiie  bo<Jy  iJoes  not  call  forth  the  normal  production  of  sweat,  hence 
a  hot,  dry  fkiii  has  always  been  regaiMk**!  as  the  criterion  of  fever. 
Then  again  we  may  have  copious  production  of  sweat,  by  which  the 
temperature  ib,  at  least  for  a  time,  depressed.  Now,  since  rise  of 
temperature  can  o!i!y  be  produceil  by  increased  production  of  heat,  or 
by  diminished  los.s  of  it,  the  question  ari.«es  whether  one  or  both  of 
these  factors  are  concerned  in  the  production  of  fever.  It  has  been 
thought  that  the  matter  could  be  explained  by  supposing  that  fever 
patients  give  off  le.ss  heiit  than  normal  jsersons,  and  that  this  diminu- 
tion might  be  enough  to  explain  the  rise  of  temperature.  But  it  has 
been  clearly  proved  that  in  the  febrile  state  more,  instead  of  less,  heat 
is  given  off  from  the  surface  of  the  body,  and  that  tliis  increased  loss 
may  amount  to  one  and  a  half  times,  or  twice  the  norma!.  These  data 
were  arrived  at  by  Liebermeistor  and  others  by  placing  fever-patients 
in  baths  and  meastirinfr  the  amount  of  heat  communicated  to  the 
water.  The  result  was  that  at  a  body-temperature  of  1<)4°  or  over, 
thr  patient  gave  off  about  twice  as  much  heat  in  the  same  time  as  at  a 
normal  temperature.  In  another  experiment  a  febrile  patient  placed 
in  a  bath  at  8°  C.  lower  than  his  own  tempcniture  ^ave  off  80  calori- 
mctric  units  at  the  onset  of  the  febrile  process,  fili  units  at  the  acme, 
and  37.5  units  during  the  decline  (a  calorimetric  unit  means  the 
amount  of  heat  necessary  to  raise  one  kilogram  water  through  1°  C.) 
In  these  iustunces  the  relative,  not  the  absolute,  quantities,  are  im- 
portant. 

Experiments  made  in  artificial  fever  produced  in  animals,  on  the 
whole,  confirm  these  conclusions.  Dr.  11.  C.  Wood  thus  sums  up  the 
result  of  his  elaborate  rcecarchcs.  In  the  pya?mic  fever  of  dogs  the 
heat-production  is  usually  in  excess  of  the  heat-production  of  fiisting- 
days,  but  loss  than  that  which  can  be  produced  by  high  feeding- 
Usually  the  production  of  animal  lieat  rises  in  the  febrile  state  with 
the  temperature  and  with  the  stage  of  the  fever,  but  sometimes  the 
heat-production  becomes  very  excessive,  though  the  temperature  of  the 
body  remains  near  the  normal  limit.  In  rabbits  with  pyiemic  fever 
heat-production  seems  to  be  even  greater  than  it  is  in  health  when 
food  is  taken. 

Zymotic  Theory  of  Fever. — It  is,  therefore,  quite  certain  that  in 
fever  there  must  be  an  increase*!  production  of  heat  ivithin  the  body, 
but  at  present  opinions  differ  widely  a.s  to  the  cause  of  thi^  increased 
heat-produetion.  The  most  generally  accepted  view  is  that  it  is  due 
to  the  presence  of  some  so-ciilled  ftyrogenic  substance  in  the  blood, 
either  derived  from  an  intlamed  part  or  formed  by  the  introduction 
into  the  body  of  some  sjiecific  poison.  Many  attempts  Lave  been 
made  to  find  and  isolate  such  a  body. 

It  has  been  found  that  pus,  and  other  mattei"s  derived  from  inflamed 
parts,  when  injected  into  the  veins,  cause  a  rise  of  temperature.  But 
the  same  result  is  produced  by  septic  matter,  and  even  by  injecting 
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largo  nuHtitities  of  water  into  the  veins  of  animals.  It  is,  Th<Moi.«rv, 
dilliL'iik  to  jjuiiit  to  any  one  iiuiterijil  us  the  one  pyrogoiiic  substance. 
tliough  tilt-  action  of  pus  is  tiie  iimst  ih.*finit«  uml  constJint.  No  one 
suUstance  lias  yet  Iji't-n  isolittcd  from  inriatnniatory  nuitteris  wliicL  pro- 
duces the  pyrogeuic  eflec-t.  In  ull  tfie  above  cases,  death  and  decom- 
position of  colls,  cither  of  the  blood  or  of  the  tissues,  occur,  so  tlnit  tlir 
pyrogenic  substance  is  supposed  to  act  like  a  ferment  and  break  up  th« 
proteid  matters  of  the  tissues,  causintr  increased  oxidation.  The 
chemical  ohanges  thus  set  up,  both  those  which  are  of  the  iiatarc  of 
oxidation  and  those  which  consist  in  splitting  up  complex  inuleculce 
into  simpler  ones,  are  undoubtedly  causes  of  heat-production.  Now 
we  find,  as  a  matter  of  fact,  evidence  of  greatly  accelerated  combos- 
tion  and  other  chemical  changes  during  the  febrile  process  :  the  amouDt 
of  carbonic  acid  and  urea  excreted  being  both  increaised,  sumetimes  to 
double  the  normal  amount. 

Increased  Production  of  Carbonic  Acid. — The  most  exact  results 
were  obtained  by  Liebernieister,  by  enclosing  patients  during  a  fit  of 
ague  in  Pettenkofer's  respiratory  chamber,  where  they  could  breathe 
freely,  and  where  the  j*ro(Uict9  of  respiration  could  be  measurc<l.  A 
patient  whose  weiglit  was  f>l2  kilos  gave  off  the  following  weights  uf 
COj  in  gramuiGs  during  four  periwls  of  two  hours  each»  febrile  auii 
non-febrile  states  being  taken  alternately : 

F«lirile.  Koti-r»l>rlli-.  Felrlle  (awMtlDg).  Nob-febril*. 

77. n  58.1  T3..\  6:iM 

The  two  febrile  periods  give  an  hourly  average  of  37.7  grammes 
COj,  the  two  non-febrile  30.5  grammes.  The  hourly  amounts  given 
off  by  a  healthy  man  under  the  same  conditions  were  (reduced  to  the 
same  body-weight)  28  grammes,  in  round  numbers,  while  lying  still,  22 
grammes  while  .asleep,  and  37.5  wliile  exerting  his  voice  in  singing  and 
thus  increasing  respiration.  The  results  agree  sufficiently  to  show  the 
great  excess  of  CO.^  produced  in  the  f<;brile  .state. 

Another  set  of  determinations  was  made  by  Regnard,  by  means  of 
a  respiratory  apparatus  apjdieil  to  the  mouth  and  nose,  in  which  the 
oxygen  consuraed  was  also  determined,  also  in  a  patient  •with  ague,  in 
two  hourly  periods. 

Temp.  Oxygen.  COf  Ratio  :  OO^ 

Ntiii-IV-lirile 9<J.8®F.  308  22.T  Q.rs 

Foljrile 104.y  63.7  't2..'J  ft.fl« 

Tbes€  results  show  an  important  fact,  namely,  that  the  cy^nsumptioD 
of  oxygen  is  increased  in  fever,  in  a  Irigher  proportion  than  the  excr^ 
tion  of  COj.  This  disproportion  shows  that  a  certain  surplus  of  oxygen 
is  used  in  the  combustion  of  other  elements  of  the  body  than  ciirbtin, 
and  remains  in  the  form  of  water  or  other  oxidize<l  products,  not  being 
exhaled  jis  CO..  This  accords  with  the  rei<ult  of  experience,  that  therv 
is  an  accelerated  combustion  or  waste  of  the  tissues  in  fevers. 

The  above  results,  obtained  in  the  acute  febrile  proccsu*  of  ague, 
were  independent  of  vuriations  in  amount  of  exercise,  aujount  of  kkmI 
taken,  and  so  forth.     In  continued  fevers  the  amount  of  food  taken  b 
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TTiuch  less  than  in  heakli  ;  and  this  liiminishes  pro  tnnto  the  amount 
of  COj  excreted.  But  even  with  iliininished  (hot,  a  fever  patient  may 
excrete  more  CO^  than  a  healthy  person,  ?uid  very  inuch  more  than 
the  hcaltliy  person  would  on  a  fever  diet.  The  increase  of  €^0,  as 
determined  in  a  uumher  of  fehriie  corapliiints,  h-.vi  heeri  found  to  be 
often  fifty  per  cent.,  sotnetimus  more. 

ThesL'  results  have,  on  the  whole,  heen  eoiifinnod  hy  experiments 
on  animal>5,  in  wtjieh  fever  was  artitietally  excilL^l  hy  itifeetin<j;  pus  or 
septie  matters  into  the  blood.  An  increase  of  CO^  amounting  to  six- 
teen or  twenty  per  cent,,  aoraetimeft  fifty  or  seventy  per  cent,  iu  a 
fa.stino;  condition,  has  been  observed,  hut  the  difference  when  the 
jitiimals  were  well  fwl  was  miirli  less. 

Increased  Production  of  Urea.— This  increase  is  generally  well 
marked  in  fever,  if  sufficient  food  he  taken.  But  lus  fever  patient* 
mostly  take  very  little  food,  there  may  he  a  loi^s  from  this  aiuse,  which 
the  increase  due  to  the  fever  may  not  be  enough  to  counterbalance. 
The  best  comparison  is,  therefore,  made  in  cases  where  the  ingestion  of 
food  is  not  interfered  with,  a-s  iu  the  daily  fevei*  of  quotidian  »gae. 
Dr.  Ringer's  careful  ob.servalions  in  a  case  of  this  kind  showed  greatly 
increa.sied  excretion  of  urea  during  the  ague  fit,  a.s  the  following  deter- 
minations of  urea  and  chloride  of  sodium  excreted  at  different  hours 
of  the  day  will  show.  The  patient  had  a  rigor  at  8  A.M.;  the  hot 
stage  canae  on  at  9.15,  and  sweating  at  11  A.M.  The  results  were 
the  same  when  the  patient  fasted.  The  table  shows  urea  produced  in 
one  hour. 
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It  will  be  seen  that  the  increase  of  urea  began  with  the  rigor  before 
the  temperature  was  actually  raised. 

The  amount  of  chloride  of  sodium  was  here  increased  proportion,il!y 
to  the  urea,  but  this  is  only  the  ease  in  ague.  In  most  febrile  con- 
ditions, oil  the  contrary,  the  amount  of  this  salt  excreted  is  decidedly 
diminished.  But  this  may  deijcnd  ujjon  other  processes  going  on  in 
the  body  which  cannot  now  be  spoken  of. 

On  the  whole,  then,  the  increased  excretion  of  the  chief  producti?  of 
combustion  and  ti.ssue- change,  carbonic  acid  and  urea,  su[)ply  indis- 
putable evidence  of  accelerated  chemical  changes  in  the  body.  These 
processes  might  affect  the  food  or  the  ti.ssues,  but,  considering  the 
diminished  supply  of  food,  the  chief  weight  must  he  laid  ujion  the 
increased  waste  of  tissues. 

Summary  of  Chemical  Explanation  of  Fever. — We  may  then  take 
it  as  established  tliat  the  heat  of  fever  results  from  chemical  proces-ses 
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certainly  affecting  the  tissues,  nrut  possibly  also  incomplotclv  asaimi- 
lated  touii-subfltances  in  tlie  boily :  tlmt  tliis  change  takee  place  partlj, 
perhaps,  in  the  lilood.  hut  chiefly  in  the  tissues,  and  ntnoti^  these  tnoit 
especially  in  certain  tissues,  the  glands  in  part,  but  tiiost  of  all  in  ibr 
muscles.  On  what  we  have  called  the  zymotic  theory  thcso  changw 
are  set  up,  or,  at  least,  very  greatly  increased  in  intensity,  by  sal>' 
stances  which  have  the  property  of  breaking  up  the  more  complex 
compounds  into  others  which  are  more  readily  oxidized.  Sacb  sub- 
stances are  cniled  pyrogenic. 

This  theory  is  espetrially  applicable  to  two  kinds  of  pyrexia ;  firet 
to  that  induced  by  the  specific  poisons  which  cause  specific  fevere, 
such  as  scnrlatinii,  siimllpox  or  malaria;  and,  secondly,  to  th«t 
induced  by  local  inthimmations  and  wounds.  In  the  latter  case  not 
the  injury  itself,  but  morbid  processes  arising  in  the  wounds,  chieflv 
tend  to  produce  fever.  These  two  forms  may  be  called  it\fectiv€  w<l 
traumatic  pyrexia  respectively. 

It  is  supposed  that  in  traumatic  processes  pyrogenic  substances  we 
formed  at  the  seat  of  inflammation  or  injury,  which  are  absorhe<l  inti> 
the  blood,  and  cireuhited  tluougli  the  body,  just  as  the  poisons,  for 
instance,  ot  scarlet  fever  and  typhoid  circulate ;  and  that  in  Intth 
cases  heut-prnducing  chemical  changes  are  set  up,  the  result  of  wliirli 
is  fever. 

It  is  not  probable  that  this  explanation  will  ever  be  entirely  mvan 
dated.  NeveTtheless,  there  arc  certain  objections  to  it.  In  the  first 
place,  it  is  urged  that  tlie  amount  of  fever  is  not  proportional  to  tlie 
amount  of  local  iiiflammution.  In  some  cases  the  inBaniuiation  of 
small  parts,  for  instance  of  the  tonsils,  produces  higher  fever  thtn 
that  of  much  l.irger  organs.  In  other  cases  a  small  collection  of  piw 
if  shut  in,  as  in  the  case  of  a  whitlow,  for  in.stance,  produces  more 
fever  than  copious  sup[iunition  in  les.«  confined  situations.  Moreover, 
what  is  still  more  conclusive,  there  are  crises  of  fever,  or  at  least  of 
high  temperature,  where  the  iimoiirjt  of  infiatnmation  is  practicalh 
nil,  and  where  there  i.s  no  rea.son  to  sup[Hise  any  specific  poison  to  Imc 
concerned.  It  would  apj)ear  then  that  the  zymotic  theory,  though  tl 
may  be  adequiite  in  sonje  cases,  is  not  of  universal  application,  vtA 
there  is  room  for  another  hypothesis. 

Other  Theories  of  Fever. — On  another  view  the  production  of  fever 
is  referred  to  the  nervous  system.  It  is  known  that  injuries  to  the 
spinnt  marrow  sometimes  result  in  an  extraordinary  rise  in  the  tem- 
perature of  the  body — as  is  supposed,  through  a  disturbance  of  the 
normal  heat-regulating  centres.  The  highest  temperature  ret  re- 
corded, 12(1°,  was  observed  by  Tcale  in  a  case  of  fracture<l  vertebwe, 
which  cndeil  in  recovery.  It  is  accordingly  supposed  that  the  pyro- 
genic substance  acts  directly  n[U}n  the  nerve-centres  and  seconcutrik 
upon  the  tissues — not  immediately  upon  the  latter;  but  since  the 
nervous  system  can  only  produce  heat  by  setting  u[i  chemical  changet 
iu  the  body,  even  in  that  case  the  heat  of  fever  is  certainly  doe,  for 
the  most  part,  to  chemical  change,  whether  pro<luced  directly  or 
indirectly.     The  only  other  conceivable  source  is  that  there  mav  be  a 
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niulcciihir  clmiige  (not  a  decomposition)  in  some  tissues,  sue!)  us 
muscle,  wliit-'h  is  aceoin[»iinioJ  by  libc-nitioii  of  Lejit.  We  Iiiive 
instances  of  [jhysiciil  changes  producin*;;  heat  in  tlie  rise  of  tempera- 
ture which  acciJiiipanies  the  pussaj^e  from  the  viscous  to  the  crystul- 
line  state,  for  example,  in  such  substances  as  sulphur  and  sugar.  But 
any  such  explanation  applied  to  living  tissues  is  entirely  theoretical, 

KervouB  Theory  of  Fever. — The  intricate  question  of  the  inHucnce 
of  the  nervous  system  on  fever  can  otity  he  uudei'stooit  by  considering 
both  the  pbysioiogica!  evidence  for  t!ie  control  exercised  by  the  Cen- 
tral nervous  system  on  the  production  of  lieat,  and  the  pathological 
evidence  for  the  effect  of  nerve-lesions  in  producing  rise  or  fall  of 
body  - 1  en  1  pera  t  u  re . 

The  [ihysiological  theory,  now  generally  though  not  uuiversttUy 
accepted,  may  be  stated  as  follows. 

Tliermogenesis  or  heat-production  in  the  bo<ly  is,  even  in  health, 
cliieHy  due  to  chemical  changes  in  the  voluntary  muscles,  and  this  is 
still  more  predominantly  the  case  in  fever. 

The  thermogenic  or  heat-forming  function  of  muscle,  already 
spoken  of,  is  supposed  to  be  under  the  control  of  a  nerve-centre  or 
centres  situated  in  the  brd,in.  From  this  centre  the  muscles  receive 
fibres,  which  fiillow  the  same,  or  nearly  the  sjime,  path  as  the  motor 
fibres,  the  function  of  which  is  to  regulate  the  production  of  heat  in 
the  nuiscular  substance.  Tliis  regulation  is  generally  supposed  to  be 
effected  by  an  inhibitory  action  of  the  nerve  centre.  This  is,  the 
fihres  proceeding  from  it  check  the  chemical  processes  in  muscle  by 
which  heat  is  produced,  and  when  they  nre  divided  or  injured  these 
processes  go  on  unchecked,  with  tlie  result  of  greatly  increa.sed  heat- 
productiotu  .Some  physiologists  have  thought  that  the  influence  of 
the  heat-centre  maybe  exerted  through  the  vaso-motor  mechanism,  by 
influencing  the  su]iply  of  blood  to  the  muscles,  atid  thus  causing  a 
greater  or  less  degree  of  chemical  change.  But  this  explanation  has 
been  refuted  by  exjieriments  which  show  tiiat  the  variations  in  pro- 
duction of  heat  are  not  directly  dependent  on  blood-supply. 

It  woidd  also  follow  from  what  lias  been  said,  that  stimulation  of 
the  heat-centre  would  piroduce  the  converse  effect  of  checking  the 
heat-production  in  muscle,  giving  the  meclianism  for  dissipation  of 
heat  free  phiy,  anil  thus  lowering  the  temperature  of  the  body,  or  of 
tiie  part  s|)eciully  affected.  There  are  some  results  pointing  in  this 
dirii-tioijf,  but  the  very  delicate  experiments  jitM.-e.ssary  to  establish 
this  point  have  not  yet  been  carried  out  with  complete  success. 

Aronaohn  and  Sachs  seem  to  have  established  the  existence  of  an 
actively  stimulating,  not  inhibitory,  beat-centre,  by  stimulation  of  which 
the  heat  production  in  muscle  is  increased.  Dr.  Macalister  also  sup- 
po.ses  the  existence  of  fihres,  such  as  might  come  from  such  a  centre, 
which  have  a  direct  effect  in  increasing  heat-production,  ns  opposed  to 
the  inhibitory  fibres  already  referred  to.  The  former  he  calls  cata- 
I'olic,  as  tending  to  pull  down  or  destroy  the  muscle  substjiace ;  the 
latter  annbolic^  as  tending  to  build  it  up  again.  These  intrica 
physiological  points  it  will  be  enough  to  mention  without  discussii 
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only  laying  stres^s  on  wlint  appojir^  to  be  the  definite  result  of  expirr- 
iwient,  namely,  thiit  the  production  of  heat  in  muscles  is  controlleti, 
whether  in  the  way  of  stimulation  or  inhibition,  by  one  or  more  cere- 
bral centres.  It  is  thought  by  some  ttiat  there  may  be  secondary 
heat-centres  in  the  cord  also,  but  thi«  is  uncertain. 

The  precise  locality  nf  the  "' heat-centre  "  or  centres  is  not  defi- 
nitely eatablislie<l.  Dr.  H.  C.  Wood  baa  referred  an  inhibitorv  hent- 
ccntre  in  dogs  to  a  limited  area  of  the  cerebral  cortex  iinmediatt'ly 
behind  the  fissure  of  Ilolando,  that  is  in  a  part  of  the  motor  area  con- 
nected with  the  limbs,  as  defined  by  Hitzig  and  Ferrier,  Dr.  Oct 
states  that  there  Is  in  rubbtt.s  a  heat-centre  at  the  anterior  inner  end 
of  the  optic  thalanii,  h^-  stiiuuhition  of  which  increase  of  teuiperaturp 
results,  amounting  in  one  experiment  to  1°  F.  in  an  hour.  An)iwoLi» 
and  Siichs  place  their  heart-centre — determined  in  rabbits,  dogs,  ami 
guinea-pigs,  on  the  inner  side  of  the  corpus  striatum — near  the  nodiu 
cursorius  of  Nothnagel.  They  also  found  that,  as  in  ordinary  fevw. 
the  consumption  of  oxygen  and  excretion  of  carbonic  acid  corre- 
sponded to  the  rise  of  temperature  produced  by  stimulation  of  this 
centre. 

The  one  essential  point  is,  that  all  agree  in  placing  the  chief  heal' 
centre  above  the  medulla  oblongata,  and,  indeed,  above  the  pooa. 
The  localization  is  of  fundaniental  importance,  since  it  excludes  anr 
implication  of  the  chief  vaso-motor  centre  situated  in  the  upper  pari 
of  the  medulla.  This  latter  centre  has  no  effect  on  heat-jtroihiction. 
though  it  does  iniiuence  the  temperature  of  the  body,  by  controlling 
the  dissipation  or  loss  of  heat  from  the  surface.  If  this  centre,  or 
fibres  proceeding  from  it,  be  injured,  the  tone  of  the  cutaneous  vessels 
is  lowered,  blood  accumulates  in  the  skin,  and  cooling  proceeds  with 
great  rapidity. 

For  instance,  if  the  medulla,  or  the  spinal  cord  at  any  point  abore 
the  origin  uf  the  splanchnic  nerves,  be  divided,  the  temperature  wf 
animals  experimented  upon  falls  rapidly,  it  may  be  to  such  an  extent 
that  death  results.  IJut  if  cooling  be  prevented  by  enclosing  the 
body  in  non-conducting  mjiterials,  the  loss  of  heat  is  checked,  and  lie 
tempeniture  may  even  rise  infstead  of  falling.  These  results  are 
evidently  complicated  l)y  the  fiict  that  in  such  cxperimjenta  tlie  ther- 
mogetiic  fibres  jiroceeding  from  the  higher  hejit-centres  must  also  be 
divided,  and  this  lesion,  so  far  as  it  goes,  tends  to  raise  the  tempera- 
ture. But  the  fact  remains  that  the  vaso-motor  medianism  influences 
the  rate  of  cooling  or  dissipation  of  heat,  not  its  production.  Wheo 
this  is  interferetl  with,  the  body  in  respect  of  its  heat-regulation  lies, 
80  to  speak,  at  (he  mercy  of  external  circumstances,  having  its  tem- 
perature largely  <letormined  by  the  temperature  or  conducting  power 
of  the  bodies  with  which  it  is  in  contact. 

But  how.  it  may  be  nsked,  can  the  eflect.s  of  increased  production  of 
heat  be  distinguished  frotn  those  of  diminished  loss?  The  answer  b, 
by  cnlorimetry  a.s  distinguished  from  (hermouietry.  Cnlorimetrv  cou- 
sists  in  detennining  the  actual  amount  of  heat  given  off  from  the  bod?, 
as  shown  by  the  heating  effect  of  water  or  other  medium  surrounding 
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jt.  Such  cxperitnetits  cannot,  for  obvious  rcn.sons,  W  iiiiule  available 
tor  mc'iisuring  tlie  pnHbictioii  of  beat  in  the  liunmti  hmiy,  but  in  the 
csise  of  smaller  iuiirnals  methotis  too  elabonitc  to  bi-  dcscribdl  bere 
t'n»ble  the  experiuit'uter  to  determine  iiccuriitely  the  amount  of  heat 
given  off,  anil  thus  to  draw  u  clear  distinction  between  the  two  causes 
of  tempeniture-fluctniition  above  indicated. 

Summary  of  Phyaiological  Results. — The  teaching  of  physiology 
n-fipecting  the  infiiienoe  of  the  nervous  system  on  temperature  mav  be 
broadly  stated  ii.s  follows.  Ileat-production  in  the  body  in  to  a  large 
extent  ii  function  of  muscular  tissue,  and  is  regulated  by  a  centre,  or 
centres,  situated  In  the  brain,  injury  (or  it  may  be  stimubition)  of 
which  causes  increase*!  therrnogeiiesis  or  heat-pruduction,  imd,  as  umy 
be  inferred,  interference  in  the  op[)Osite  sense  causes  diminished  ther- 
niogenesis. 

Dissipation  or  loss  of  heat  is  mainly  a  function  of  the  skin  and  its 
bloodvessels,  and  is  eoutrolled  by  the  vaso-motor  centre  in  the  medulla 
oblongata,  injury  or  destruction  of  which  acceleratea  cooling,  and 
makes  the  terniierature  of  the  fiody  largely  dependent  on  external 
influences.  Regulation  of  the  heat  of  the  body,  or  tliennotaxis,  is 
chiefly  effected  in  normal  conditions  by  the  vaso-motor  mechanism  ; 
but  it  is  probalile  tbat  the  theruiogfnic  centres  have  also  a  t'egulatiife 
function  as  well  a.s  a  productive  one.  as  comfdex  injuries,  affecting 
fibres  proceeding  from  both  these  centre's,  will  produce  mixed  or  com- 
plicated results. 

The  temperature  i>f  the  body  is  not  a  direct  measure  of  the  produc- 
tion of  heat,  but  depends  upon  the  momentary  babince  between  gain 
and  loss  of  heat.' 

Pyrexia  from  Injury  to  Nervous  System. — We  must  now  consider 
the  patbologiml  evidence  that  lesions  of  the  nervous  system  have  an 
effect  on  the  production  of  heat,  and  on  the  temperature  of  tlie  body. 
Many  instances  of  this  have  been  collected  by  Dr,  Hale  White,'  and 
others  are  recorded  elsewhere.  It  must  be  understooti  that  in  no  case 
is  nerve-injury  assumed  to  be  the  cause  of  fever,  if  any  other  cause, 
such  a.s  local  inflammation  or  specific  disease,  was  present  which  might 
have  accounted  for  it. 

Lesions  of  the  Brain, — ^V  rise  of  temperature  without  inflammation 
has  been  ob.served  in  the  following  cases: 

Tumors  affecting  the  pons  A'arolii  or  its  neighborhood.  A  tumor 
pressing  into  the  right  optic  thalamus  and  crus  cerebri  produced  a 
temperature  of  ll>7'^. 

Hemorrhage  into  the  poris  has  frequently,  or  indeed  genendly,  pro- 
diice<l  great  rise  of  temperature,  even  up  to  110'-'.  Tlie  same  condi- 
tion affecting  the  corpus  striatum  or  other  great  ganglia,  or  in  the 
centre  of  the  hemispSiere  above  them,  has  produced  similar  results. 
But  the  results  of  hemorrhage  are  often  complicated  by  the  phenomena 
of  "shock." 


I  Thifi  subject  i»  further  deve1(>p«fl  in  Br.  Dnriiilil  Miu'nIiHter'a  able  GuUtonian  Letv 
luree  for  1887,  rrpfirtod  in  Lancet  and  British  Mr<li<'ul  Review, 
*  Oiiy's  lIoapilAl  Hcfmrtji,  vol.  xlii. 
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JEmboUmu  affecting  tlie  pons  or  the  corpus  striatum  lins  produced 
like  symptoms;  sind  so  have  other  degenerative  changes  affecting  the 
same  parts.  Insular  sclerosis — that  i?,  sclerosis  of  limited  patches  of 
brain — is  known  to  cause  pyrexia,  probably  from  affecting  the  same 
parts. 

Now  in  all  these  cases  we  have  a  severance  of  nerve-fibres  pa&xing 
from  centres  above  the  meilulla  oblongata ;  that  is  preciselj  the 
change  which  experimental  physiology  wouM  lead  U8  to  regard  t& 
cutting  off  communication  hetween  the  inhibitory  heat-centre  aJid  the 
muscles. 

Theri-  is,  moreover,  in  these  cases  no  evidence  of  any  injury  to  the 
v«so-Duitor  centre. 

It  must,  however,  be  stated  iliat  tliere  are  cases  of  brain-lesion  in 
which  the  temperature  falh  instead  of  rising:  or  in  which  a  fall  hac 
succeeded  to  a  rise,  or  vice  vend.  In  cases  of  tumor  this  is  rare,  and 
perhaps  only  happens  when  the  cord  also  is  affected.  In  extreme 
cerebral  hemorrhage,  on  the  other  hand,  fall  of  temperature  is  often 
observed,  and  sometimes  an  exti'emt'  fall,  even  as  low  as  87.8  F. 
(Erb). 

This  phenomena  has  been,  without  any  dispute,  ascribed  to  "  sliock," 
such  its  is  seen  in  severe  injuries  to  otfier  parts  besides  the  brain. 

By  "shock'"  is  meant  a  condition  of  which  the  most  conspicuous 
feature  is  a  loss  of  tone  through  the  whole  arterial  system  ;  that  is  pre- 
cisely the  condition  which,  a'^  we  have  seen,  physiology  teach«>8  to  be 
the  cause  of  excessive  dissipation  of  heat,  or  rapid  cooling.  In  the 
cases  referred  to  we  must  therefore  suppose  that  the  loss  of  heat  due 
to  shock  more  than  counterbalances  any  gain  of  lieat  due  to  injury  of 
the  heat-Centre  or  its  efferent  fibres.  Ill-defined  degenerative  changes 
ill  the  bruin  arc  also  sometimes  accotupanictl  by  fall  of  temperature,  of 
wliich  the  e.xphujiition  may  be  the  sninc,  liut  even  these  facta  are 
evidence,  in  any  case,  of  the  calorific  mechanism  being  interfered  with 
by  injuries  to  the  brain,  though  in  a  converse  sense  to  those  formerly 
spoken  of.  It  should  be  stated  that  after  the  fall  of  t-emperature 
causeti  by  shock,  however  produced,  there  is,  very  generally,  reaction 
causing  a  rise.  an<l  this  rise  may  possibly  be  independent  of  any  other 
lesion  of  the  nervous  .><ystem. 

Lesions  of  the  Medulla  Oblongata  and  Cord. — The  physiological 
data  given  above  would  lead  us  to  expect  a  twofold  result  of  lesion  of 
these  p»arts,  according  as  either  the  calorific  fibres  coming  from  the 
higher  centre,  or  the  vaso-motor  meehnnisra,  should  be  disturbed,  and 
clincal  observation  confirms  this. 

Lesions  of  the  medulla  oblongata  hav<e  not  been  clearly  isolated  in 
relation  to  those  laws ;  but  many  instances  of  lesion  of  the  oerviod 
portion  of  the  cord  are  recorded. 

Tumors  of  the  cervical  cord,  in  which  the  chief  effect  would  probably 
be  mechanical  pressure  on  the  conductive  fibres,  generally  produce  a 
rise  of  temperature. 

Injuries  to  the  cord,  eonmionly  from  fracture  of  vertebne,  pnxiace 
sometimes  a  rise,  sometimes  a  fall,  of  temperature. 


FEVER. 


129 


Many  cnses  of  remnrkaMe  mv  of  tt'iiifjerntwre  have  been  recorded 
since  8ir  li.  liroilies  fiimotis  ease  of  injury  to  the  cervical  portion  of 
the  cord  observed  in  1837,  when  the  terni)erature  was  lll"^.  After 
fracture  of  the  cervical  or  sometimes  of  the  dorsal  vertehrtc  temiicni- 
tures  ranging  tip  to  110*^  or  more  have  been  observed. 

In  some  the  temperature  reaohmi  its  higliest  point  immediately 
before,  or  even  after,  deatli,  as  in  ii  case  rejM)rted  in  St.  Thoman's 
Hoapitttf  Reports  (vol.  i.  p.  493)  in  which  the  axillary  temperature 
after  death  was  llU".     Teale's  case  has  already  been  spoken  of 

In  another  series  of  cases,  similar  injuries  have  produced  a  fall  of 
temperature.  Mr.  Hutchinson  bus  recorded  a  case  of  fracture  of  the 
fifth  cervical  vertebra,  where  the  rectal  temperature  fell  to  9^3.8*^,  and 
in  a  ca."<e  of  fracture  at  the  first  dni-sal  vertebra  St),lJ*^was  noted.  In- 
juries beb.iw  the  first  4orsal  vertebra  iij)]>ear  never  to  have  been  ob- 
served to  be  fnUoved  by  excessive  loweriii<j  of  temperature.  But  no 
general  law  has  been  traced,  which  determines  why  there  is  some- 
times It  rise  and  sometimes  a  fait. 

It  should  be  remembered  that  sfi'tck  is  often  an  important  element 
in  these  cases,  as  the  injury  producing  the  spinal  lesion  is  often  a  very 
severe  one.  Besides  this,  we  can  see  that  in  the  jiatholngical  cases,  as 
in  physiological  e.xperinients,  two  opp*tsing  factors  are  at  work — one, 
injury  to  the  vaso-motor  meclianism.  causing  loss  of  heat  from  the 
surface,  an<l  another  which  may  be  referred  to  the  calorific  nerves, 
causing  increased  production  of  boat,  Sometiraes  one  of  these  factors 
ha.^  the  pretiominance,  sotiietimcs  the  other. 

Traumatic  Fever. — It  lias  otten  been  observed  that  high  fever 
results  from  wounds,  apparently  without  inflaiiimatiou,  or  at  all  events 
out  of  jiroportioii  to  the  amount  of  inflammation.  Numerous  cases  are 
recorded  in  surgical  works,  and  only  one  typical  instance  need  here  be 
quoted.  In  a  case  of  iiniputation  of  both  legs  for  crushed  feet  recorded 
by  Mr.  Le  (iro»  Clark  tlie  temperature  rose  from  ll}.'i°  seven  hours 
before  death  to  110*^  a  quarter  of  an  hour  before  death,  and  was  110.8° 
after  death.  Tliese  cases,  then,  are  difierent  from  the  traumatic  pyrexia 
caused  by  aiisorption  of  pyrogenic  substances  from  unhealthy  wounds. 

Urethral  Fever. — In  some  persons  the  passage  of  a  catljeter  causes 
an  immediate  rise  of  temperature,  sometimes  accompanied  by  a  rigor, 
wliich  cannot  be  due  to  inflammation. 

In  both  the  last-mentioned  cases  it  seems  clear  that  the  efl'oct  is  too 
rapid  to  lie  due  to  the  absorption  of  any  pyrogenic  substance  from  the 
wound  or  urethral  surface,  and  that  there  must  be  some  stimulus  trans- 
mitted through  the  nerves  which  probably  e.xerts  a  reflex  action  on  the 
central  nervous  system.  In  tetanus,  high,  and  sometimes  excessive, 
temperatures  have  been  observed.  Wunderlich  records  a  ctisc  where 
the  temperature  was  112.5°  at  the  time  of  death.  Now,  although 
tetjiinus  must  be  regarded  as  a  specific  infective  disease,  ami,  therefore, 
the  rise  of  temperature  may  be  partly  due  to  the  morbid  poison,  still 
the  affection  of  the  ?pinnl  cord  and  the  excessive  muscular  contractions 
must  be  crediteiJ  with  part,  nt  least,  of  the  resulting  jivrexia. 

In  all  the  above  lesions  and  pathological  states,  therefore,  we  have 
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evidence  of  tlie  prodiictnui  of  pyrexia  from  some  injury  to  the  nervoSST 
system,  ceiitviil  or  [ieri]>in*i'aL 

Unexplained  Pyrexia. — A  good  many  cases  have  been  rec«tr«le<J  in 
wliich  there  was  very  high  temperature  without  any  local  inflaiumatiirD 
or  specific  disease.  Putting  aside  a  few  eases  where  there  uiay  have 
heen  some  fraud  or  mistake,  several  remain  in  which  there  waa  evi- 
dently increased  production  of  heat  without  any  obvious  cause,  and 
where  it  must  be  sujiposed  thiit  there  was  a  ('isturbance  of  the  thenuo- 
genetic  apparatu.«,  eitiier  centrnlly  or  by  reflex  stimulation. 

In  several  ;*uch  cn^ns  the  patients  have  been  subject  to  hvstens. 
Hence,  a  special  kind  of  functional  therraogeuetic  disturbance  haabeen 
distinguished,  namely,  fii/gtrriod  pyrexia.  Since  hysteria  essential]? 
consists  in  functional  disturbanre  of  some  part  of  tlie  central  nervoua 
aystera,  producing  rflbcts  similar  to  those  of  organic  change  in  that  pan, 
there  if^  nothing  unreasonable  in  the  supposition  that  the  heut-ccntrvii, 
like  other  parts  of  the  cerehnmi,  may  be  thus  perverted,  though  precise 
prm>f,  perhaps,  has  not  yet  been  furnished  that  such  is  the  case. 

Hysterical  teni[iieraturei<  up  to  10;")°,  and  even  higher,  have  l)eei) 
recorded,  but  some  instances  of  excessive  temperature  are  open  to 
ipiestion.  Dr.  Hale  White  gives  the  folIoAving  as  characters  of  hyste- 
rical pyrexia.  It  alway.s  nccure  in  girl.n  at  the  age  at  which  liysteria  is 
most  common,  and  the  patients  are  often  otherwise  hysterical  ;  ovarian 
jjain  and  tenderness,  with  other  symptoms,  .such  as  rigors  and  delirium, 
are  often  present;  the  lemperature-variations  are  irregular  and  erratic 
in  tlieir  coui-se.     The  cpie.stion  requires,  however,  further  investigation. 
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Hyperpyrexia. — In  some  fel)ril€'  diseases,  cases  occur  from  time  to 
time  wliere  tiie  tempenituiv,  already  high,  rises,  often  ru]>idly  or  even 
suddenly,  to  an  extraordiiuiry  height,  without  any  apparent  increase  in 
the  activity  of  the  causes  Avhicli  hnd  produced  tJie  existing  high  tem- 
perature. This  condition  is  (-ailed  l>yperj)yrexia.  It  is  fre<juently 
acconiftanied  by  g^'Uiptoms  of  et'rehnil  flistiirhance,  such  as  delirium  of 
a  low  tvpe,  passing  intu  coma,  anti  great  prostration,  «o  that  death 
may  occur  from  this  cau^ie  alone.  Fig.  So  shows  the  continuous  and 
fatal  rise  in  ciunes  of  this  kind. 

This  complication  is  raost  eomtnon  in  acute  rheumatism,  being 
formerly  called  cerebral  rheumatism,  hut  may  occur  in  typhoid  and 
other  Fever.s,  and  also  in  sunstroke  or  licjit-stroke.  It  is,  in  all  proba^ 
bilit>\  due  to  a  direct  aflection  of  the  central  nervous  system  hy  the 
moi'hid  poi.'ion.,  or  whatever  may  be  the  cause  of  the  disesise ;  or  to  the 
e.vbaustion  of  tlie  nervous  system  by  a  high  external  or  internal  tem- 
perature long  continued.  The  fact  that  the  excessive  pyrexia  may 
usually  be  controlled  by  the  externa]  application  of  cold  makes  it 
priji)able  that  the  tliermogenetic  mechanism  i.s  directly  implicated, 
("old  baths,  or  the  application  i>f  ice,  are,  therefore,  the  recognized  rule 
of  practice  in  hyperpyrexia  from  beat  stroke,  or  in  the  otlier  cases 
mentioned  altove. 

Post  mortem  Temperatures. — In  some  cases  of  hyperpyrexia  the 
temperature  not  only  goes  on  rising  up  to  the  moment  of  death,  but 
may  continue  to  rise  after  death.  This  singular  fact  is  shown  in  one 
or  two  instances  given  above,  and  <ither9  might  be  ijiioted  :  €.  /;.,  in  a 
case  of  tetanus  a  temperature  of  \\'A°  has  been  met  with  after  death. 
If  the  [iroduction  of  heat  be  a  functiim  of  muscular  tissue,  this  is  quite 
intelligible.  For  somatic  death,  or  death  of  the  body  as  a  whole,  is 
not  synchronous  with  death  of  the  parts.  ]\Iuscular  tissue  lives  (as 
is  shown  hy  its  electric  irritability)  for  a  certain  time  after  the  heart 
ceases  lo  beat,  and  even  after  reiimvid  of  the  muscles  from  the  body. 
Hence,  there  is  no  reason  why  it  should  not  perform  the  vital  function 
of  therniogrnesis  after  the  occurrence  i>f  somatic  deatli. 

Summary  of  Nervous  Theory  of  Fever. — The  facts  above  detailed 
speak  for  themselves.  It  seems  pretty  clear  that  in  the  instunces 
recorded  fever  results  from  a  disturbance  of  the  thermogenic  mechan- 
ism. The  further  «|tiestion,  however,  arises  whethi-r,  as  some  think, 
fever  in  general  is  ]>roduced  in  the  same  way.  There  is  notliing  irra- 
tional in  the  supposition  tijat  tbe  pyrogenic  substances  which,  on  the 
zymotic  theory,  act  by  setting  up  chemical  changes,  may  after  all  act 
directly  on  the  nervous  system,  central  or  peripheral,  in  the  same  way 
as  injuries  or  other  lesions  have  been  shown  to  do,  ami  thus  produce 
fever,  hut  tliere  is  no  ]>ositive  jvroof  that  this  is  their  mode  of  action. 
A  word  of  caution  may  he  given  against  any  hasty  inference  that 
"nerve-force'  niay  be  converted  into  heat.  Such  a  supposition  ia 
altogether  premature  while  we  know  so  little  about  nerve-force,  and  do 
not  even  know  that  there  is  any  agency  to  which  such  a  term  can  be 
applied  in  any  accurate  sense.  Apparently  the  amount  of  energy 
travelling  along  a  motor  nerve,  for  instance,  bears  hardly  a   closer 
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relation  to  the  amount  of  energy  liberated  by  the  muscular  cntnictk 
it  causes,  than  the  eli'ctroinottve  force  passing  along  a  wire  used  to 
explode  gunpowder  doe,s  to  the  intensity  of  the  explosion  produced. 
The  same  analogy  n]>plies  to  thi-  [(rniluction  of  heat. 

Action  of  Drugs  on  Temperature. — Some  evidence  in  illustmtion 
of  the  uurvous  theory  of  ievcr  muy  bo  derived  from  the  action  of  drugs. 
So  far  :is  I  know,  no  drug  has  been  observed  to  cause  a  direct  rise  of 
temperature  except  atropia.  In  certain  cases  of  bflladonna-poistming 
a.  great  rise  nf  temperature  has  been  observed,  which  would  seem  to  he 
due  to  .«ou)e  action  on  the  nervous  sY.s1em.  Irritant  poisons  may  caiwe 
a  rise  of  temperature  by  setting  up  local  intlammation.  but  not  otherwise. 

On  the  other  hand,  a  considerable  number  of  substances  are  known 
to  reduce  ihe  temperature,  in  health  to  some  extent,  but  more  deci(le«lJv 
in  cases  of  fever. 

Such  drugs  are  called  andpi/refirg.  They  are  divided  by  Dr. 
Lauder  Brunton  into  two  great  classes :  those  which  lessen  the  pro- 
duction of  beat,  and  ihosc  which  increase  the  loss  of  heat. 

The  first  cla.-s  he  regards  as  acting  in  two  ways,  either  by  affecting 
the  tissue-change  or  by  modifying  the  circulation. 

(juinine  and  its  allies,  benzoic  and  salicylic  acids,  with  their  com- 
pounds, alcohol,  kulijii,  are  instances  of  drugs  the  antipyretic  actioDof 
whidi  he  believes  to  be  due  to  their  action  on  the  tissues.  They  act 
by  directly  restraining  the  activity  of  protoplasm,  and  thus  "diminish 
temperature  by  lessening  oxidation.  Quinine,  for  instance,  has  ft 
remarkable  influence  in  checking  the  amteboid  movements  of  leuco- 
cytes in  the  inflamed  tissues  of  cold-blooded  animals,  and  thus  hindcrt 
their  migration  from  the  vessels  and  restrains  local  inflammation.  Bui 
these  effects  arc  less  marked  in  warm-blooded  animals.  Quinine, 
however,  has  a  marked  effect  in  reducing  a  high  temperature  in  mauv, 
though  not  in  ult,  febrile  complaints.  In  what  wo  have  specially 
called  hyperpyre-via  it  appears  to  have  little  or  no  effect. 

Production  of  heat  is  also  lessened  by  certain  drugs  which  afiect  the 
circuhitioti,  jus  antimony,  salts,  aconite,  digitalis,  colchicum.  Their 
mode  of  action  is  not  exactly  determined,  but  it  is  supposed  that  they 
reduce  temperature  '-'  by  lessening  the  rapidity  of  the  circulation 
through  those  parts  of  the  body  in  which  the  increased  tissue-change 
is  taking  place." 

Antipyretics  which  act  by  increasing  loss  of  heat  do  this  either  b? 
dilating  the  cutaneous  vessels  and  thus  causing  increased  radiation  of 
heat,  or  else  by  stimulating  perspiration,  and,  hence,  cooling  by  evapo- 
ration. 

I'nder  the  first  heud  come  idcohol,  nitrous  ether,  antipyrin  and 
thalliii.  Their  action  must  be  upon  the  vaso-motor  system,  and  ia, 
therefore,  analogous  to  that  of  lesions  aftecting  the  vaso-moior  centre 
already  spoken  of.  The  action  of  sudorifics  hardly  needs  explanation. 
IJut  the  external  application  of  cnld  is,  af\:er  all.  the  most  powerful  of 
all  antipyretics.  It  would  thus  appear  that  pharmacologists  do  not 
recognize  any  antipyretic  drugs  as  acting  directly  upon  the  he«U 
centres ;  and  these  drugs,  so  far  as  yet  known,  af^'ect  thermotaxis  only. 
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not  the  thennogcnesiis,  It  is,  however,  quite  possible  that  some  anti- 
pyretics may  iii't  through  the  nervous  system. 

Regeneration  of  Tisanea. — Another  evidence  of  chemical  change 
taking  place  is  the  ilugeneration  of  the  tissues  which  "vve  find  after  the 
febrile  ])roccss  is  at  nn  end.  This  is  particuliirl}'  nolicenble  in  the 
muscdes,  and  is  the  more  striking  because  during  fever  the  muscles 
have  for  the  most  part  been  doing  no  work.  The  change  in  muscular 
tissue  consists  in  the  so-called  vitreous  or  hyaline  degeneration.  The 
fibres  swell  up,  lose  their  striation,  and  become  transiucent.  This  is 
only  seen  when  fever  has  lasted  for  a  long  time,  and  is  most  noticeable 
in  typhoid  fever.  It  is  generally  regarded  as  a  conse(|uencc  of  high 
temperature  long  continued.  But  it  is,  after  all,  not  imjiossihle  that 
it  may  be  a  concurrent  effect  of  the  same  poison  jis  produced  the  fever. 
In  glands — most  noticeably  in  the  liver — the  epithelium  is  generally 
found  in  the  condition  called  cloudy  swelling,  or  parenchymatous 
degeneration,  elsewhere  described, 

Concotaitant  Symptoms. — Besides  heat  and  tissue-changes,  the  next 
most  noticeable  symptom  in  fever  is  dli.stiirbance  of  the  circulation. 
The  action  of  the  heart  i^  accelerated  ;  so  that  before  the  introduction 
of  the  clinical  thermometer  a  rapid  pulse  was  the  principal  criterion 
of  fever.  The  febrile  pulse  is  sometimes  at  first  rapid  and  hard,  show- 
ing tonic  contraction  of  the  muscles  of  the  smaller  arteries.  After- 
ward it  becomes  large  and  soft,  showing  that  the  arteries  are  relaxed. 
When  the  heart's  action  begins  to  fail  it  will  he  small  and  soft.  In 
spite  of  the  apparent  violence  of  its  action  the  iieart  in  fever  is  probably 
always  weaker  than  in  health,  and  for  the  most  part  very  much 
weaker.  The  arterial  blood-[)ressure  is  generally,  except  in  the  early 
stage  of  certain  fevers,  low.  This  disturbance  of  circulation  must  be 
regarded  as  in  some  way  a  conseijuence  of  the  increased  temperature 
of  the  body,  though  in  what  way  this  is  produced  is  not  quite  clear. 

Increased  fretjuency  of  respiration  is  an  equally  constant  symptom 
of  the  febrile  state.  It  may  he  regarded  a^  partly  a  consequence  of 
the  more  rapid  action  of  tiie  tieart.  but  \s  also  an  evidence  of  the  uug- 
mente<l  production  of  carbonic  ncid  and  water  in  the  tissues,  resulting 
from  the  clremical  changes  of  which  we  have  already  spoken,  and  the 
e.vcretion  of  these  products  of  combustion  through  the  lungs. 

It  has  long  been  observed  that  the  composition  of  the  urine  is 
altered  in  fever.  It  is  diminished  in  quantity,  but  highly  concen- 
trated and  dark  colored,  so  that  it  contains  more  urea  and  more  pig- 
mentary matter  than  normally.  The  amount  of  uric  acid  excretwl  is 
also  greater  than  in  health,  and  is  often  deposited  in  the  fwrni  of  urates. 
The  pli09[>liates  are  also  increased. 

The  functions  of  the  skin  are  notably  affected  in  fever.  The  sen- 
sible perspiration  is  sometimes  diminisheil,  sometimes  very  greatly 
augmented;  but  it  is  important  to  remember  that  the  insensibte  per- 
spiration is  always  increased — that  is.  the  dry  skin  of  a  fever  patient 
is  continually  giving  off"  much  more  than  the  normal  amount  of  water. 
The  nervous  symptoms  of  fever  are  chieHy  seen  in  the  central  nervous 
rstem.     The   cerebral    symptoms — ^such    as   lieadaclie,    excitability. 
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hypereetltcsia  of  the  various  senses,  dehisiona  and  deliriuin — tnnr  nil 
be  regarded  us  showing  tliitt  ihc  brain  i.s  in  a  state  in  which  the  e<|iri- 
librium  of  its  substance  is  easily  disturbed,  and  are  doubtIei<8  evidenvv 
of  a  direct  injury  to  its  substance,  as  well  as  of  disturbance  of  circu- 
lation. Whether  this  injury  is  produced  merely  by  the  hei^kteued 
temperature,  or  whether  it  is  the  concurrent  effect  of  the  poison  which 
produces  fever,  rnust  be  regarded  as  uncertain.  Some  of  the  svcop- 
toms,  such  as  coma  anrl  tlie  so-culled  typhoid  state,  so  much  referable 
the  effects  of  certain  poi>«on8  that  they  may  be  attdbuted  to  the  direct 
poisoning  of  the  blood. 

Clinical  Types  of  Fever. — The  febrile  process  usually  reaches  a 
certiiin  height  and  then  begins  to  decline.  The  coniiiienceDieni  of 
decline,  or  crisis,  is  often  marked,  not  only  by  a  fall  of  temperature, 
but  also  by  changes  in  the  secretions.  In  certain  kimis  of  fever,  tlie 
crisis  may  sometimes  be  looked  for  at  a  particular  date  from  the  com- 
raencemcnt  of  the  disease.  It  wits  ioniierly  thought  that  this  was 
most  likely  to  occur  on  erne  of  the  uneven  days — that  is,  the  third, 
fifth,  etc.  More  lately  it  has  been  thought  tliat  the  law  of  periodicilT 
is  shown  by  a  change  occurring  at  the  end  of  a  weekly,  or  even  a  half 
weekly,  period,  which  would  be  on  the  fourtli,  eighth,  eleventh,  fif- 
teenth day,  etc.,  but  there  is  little  certjiinty  in  these  supposed  law*. 
The  onset  of  fever  is  sometimes  sudden,  so  that  a  high,  or  even  the 
highest,  temperature  is  reached  on  the  first  day.  But  more  generallv 
the  rise  is  gradual,  the  temperature  on  euch  successive  d»v  being 
higher  tlinn  that  of  the  day  before.  A  good  instance  is  the  rise  tif 
temperature  at  the  onset  of  typhoid  fever,  which  nearly  always  follow» 
the  typical  courses,  sfiown  in  Fig.  tJ<i,  The  evening  and*  morning 
temperatures  respectiv^ely  are  higher  tlum  the  day  before,  though  there 
is  a  daily  fluctuation. 


Fi(i 


DAY  or   FEVER 
12        3        4        6 


Coiinw-  of  tompf;nitiiro  for  tli<-  Unit  five  dftv*  in  ii  van  i>l"  typhoitl  (I'lvi  nr'^i.jjj. 

A  sudden  liill  <,if  tempi-rature,  if  not  merely  temporary,  i.s   caJle^l  "i" 
eri»i»,  as  .showing  a  derisive  turning  jwint  in  the  course  of  thn  «)i<*rAM. 
It  characterizes  certain  forms  of  fever,  of  which  lobar  ii 

one  of  the  best  marked  instances.     If  the  sudden  fall  is  r.  •<, 

an  extremely  low  or  subnormal  temperature  it  conatiiuiee  eotiap^r. 


FEVER. 


135 


and  litis  is  in  many  cases  the  sign  of  a.  fatal  termination  of  tlie  disease, 
as  sliown  in  Fig.  21. 

A  more  ^raduul  fall,  in  which  the  tetnjierature  is  lower  on  each  of 
several  succt-ssive  days,  ia  known  as  iygis.  This  mode  of  termination 
is  the  rule  in  certain  fevers — for  instance,  in  catarrhal  inUaramations, 
bronchitis,  and  the  like,  and  in  tyfdioid  fever.  It  is  shown  in 
Fig.  2s. 
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Febrile  temperature,  for  the  most  part,  bo  far  follows  the  laws  of 
normal  temperature  that  it  is  higher  in  the  evening  and  lower  in  the 
morning.     Deviations  fi'oni  this  are  sometimes  observed,  the  morning 
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fall,  for  instance,  being  omitted,  so  that  there  is  a  continuous  rise 
from  one  day  to  another,  ov  the  morning  being  higher  than  the  even- 


THE    PROCESSES 


DISEASE. 


ing  temperature  of  tbe  day  before.     Sacli  variations  occurring  ii 
course  of  a  fever  are  generally  regJirded  as  unfavorable. 

Fever  which  lasts  for  a  long  time  is  sometimes  caJled  hectic  (vliiclk 
means  merely  habitwif);  but  the  word  has  come  to  be  used  with 
special  reference  to  the  fever  which  accompanies  tubercular  diaeaae  or 
consumption.  The  peculiarity  of  this  form  of  fever  is  that  the  iBcra- 
ing  temperatures  are  often  comparatively  low  or  ereti  normal,  wliilr 
there  is  a  <iaily  rise  in  the  evening  {$ec  Fig  29). 

The  difference  between  this  and  the  temperature  in  a  long-continncil 
case  of  typhoid  fever,  for  instance,  is  that  in  the  latter,  while  the 
fever  lasts,  tlie  temperature,  even  in  the  morning,  e  above  the  oonMl, 
though  lower  than  in  the  evening. 

Fevers  may  be  distinguishe*!  as  intermittent  or  contiauCNM.  !■ 
intermittent  fever  or  ague,  a  rise  of  temperature  raaj  occur  darlr 
(i|Uot)dianX  or  every  olhrr  day  (tertian),  or  eten  every  third  day 
(4Uartan).  The  rise  is  rapid,  and  after  the  acme  is  reached  there  ii 
ait  abrupt  fall,  so  that  the  state  of  the  fever  lasis  for  a  part  of  the 
day  only,  the  temperature  between  the  paroxTSns  beinj^  n«>niial. 
Thus  in  the  tertian  fom  (aet  Fig.  30)  the  temperature  is  normal  oa 
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LOf'AL  DEATH:  NECROSIS  AND  GANGEENE. 

Death  of  the  whole  body,  or  gomatir  death,  implica  thnt  the  body 
is  Tio  longer  capalile  of  assimilating  new  material  and  converting  it 
into  living  tissue.  The  elementary  parts  of  the  organism,  when  this 
happena,  bfconie  subjected  to  chemical  affinities,  which  may  go  on 
lihemting  energy,  but  not  according  to  any  definite  law.  They  are 
decomposed,  in  fact,  without  any  relation  to  one  another,  like  a  mere 
agglomeration  of  molecules;  and  the  chemical  changes  are  quite  unin- 
fluenced by  the  fact  of  these  parts  having  previously  belonged  to  a 
living  bo<iy. 

These  changes  are  precisely  illustrated  by  the  action  of  gravity  on 
a  revolving  body  when  the  initial  impulse  of  revolution  is  exhausted 
{gee  Introduction). 

There  is  one  corollary  from  these  results  which,  if  the  truism  be 
pardoned  in  consideration  of  all  it  involves,  may  be  worth  pointing 
out — ^that  a  dead  bod^  in  not  sithject  to  dueaae. 

The  death  of  the  tissue  elements  is  not  necessarily  simultaneous 
with  somatic  death.  Generally  the  body  as  a  whole  dies  before  its 
elements.  In  cold-blooded  animals  the  elements  retain  their  vjtjility 
longer  llian  in  the  higher  species. 

Some  elements  doubtIes.s  retain  their  vitality  longer  than  others, 
but  such  differencea  cannot  be  very  easily  stuflied  in  the  dead  body. 
Some  notion  of  the  comparative  rapidity  with  which  they  die  may  be 
formed  from  the  conclusions  arrived  at  by  ('ohnheim  as  to  the  time 
during  which  tissue-elements  retain  their  vitality  after  complete  stop- 
jKige  of  the  circulation.  Brain-tissue,  kidney  epithelium,  intestinal 
epithelium  die  after  two  hours'  deprivation  of  blood  ;  skin,  bone,  and 
eonuective  tissue  will  live  for  twelve  hours.  Other  experimenters 
have  found  that  cutting  off  the  blood-supply  from  the  spinal  cord  of 
an  animal  for  one  hour  causes  complete  destruction  of  the  gray  sub- 
stance, while  the  white  substance  is  preserved  and  may  revive. 

In  general,  specialized  tissues,  or,  broadly  speaking,  parenchyma- 
tous element,"*,  die  sooner  than  the  simple  supporting  tissues. 

There  are  some  special  points  of  variation  which  cannot  be  thus 
explained.  Thus  it  is  well  known  that  the  right  auricle  of  the  heart 
retains  its  irritability  longer  than  any  other  part  of  that  organ  when 
Bmove<l  from  the  body. 

The  converse  condition  in  whicli  tissue-elements  die  while  the  body 
is  still  living  is  what  is  understood  by  necrosis,  or,  in  certain  circum- 
stances, gangrene.  This  can  only  happen  when  the  conditions  of 
nutrition  are  not  satisfied,  which  mav  ari.se  from  one  of  three  causes. 
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viz.,  (1)  By  stoppage  of  the  circulation ;  (2)  by   direct    iiiterfercnS" 
with  the  life  of  the  cells;  (Ji)  by  a  temperature  which  differs  greatlr 
from  the  normal. 

1.  Stoppage  of  the  circulation  may  be  produced  by  many  causes, 
which  have  been  already  enmuerated  in  speaking  of  Hnaemiu,  embol- 
ism, intlrjuimatiijn,  etc,  Two  forms  of  obstructed  circulation  require. 
howcvei',  special  mention — viz.,  stagnation  of  blood  by  pressure,  aod 
complete  capillary  stasis. 

That  pressure,  if  considerable  and  continued,  causes  death  of  tissues 
hardly  neerls  to  be  pointed  out,  and  we  must  regard  this  result  as 
chiefly  due  to  stoppage  of  the  capillary  circulation.  Internal  as  well 
as  external  pressure  may  cause  what  is  called  "sloughing,"  i.e., 
death  of  the  skin. 

Complete  capillary  stusi.s  involves,  as  was  before  pointed  out,  dry- 
ing up  and  thuK  fnagiihitioii  of  the  blood,  wjtli  local  deatli  of  the 
bloodv^sels  and  tlms  nf  the  whole  part.  The  issue  of  this  process 
in  necrosis  is  what  chielly  makes  it  possible  to  separate  it  from  inflatn- 
mation.  Supposing  that  sta.sij*  develops,  as  it  often  does,  out  of 
simple  stagnation,  there  is  this  difl'erence  that,  even  if  the  How  of 
blood  through  the  part  where  it  was  stagnant  be  restored,  the  capilln- 
ries  in  the  area  of  stasis  are  impermeable,  and  necrosis  results.  The 
sudilen  formation  of  an  ulcer  of  the  leg  by  sloughing  of  the  skin  o\*er 
a  limited  area  where  the  circulation  is  ^t;ignant  is  an   instjince  of  this. 

2.  It  may  sometimes  be  difficult  to  distinguish  between  the  effect 
of  certain  causes,  as  producing  stasis  with  consequent  necrosis,  or  a^ 
producing  the  same  by  dirtH  m-iion  on  thr  ct^Uti.  Chetnic^il  corrofiire* 
or  caustics,  and  prolonged  cnld  or  heat,  may  coagulate  the  blood  in 
the  capillaries,  an*l  at  the  same  time  produce  necrotic  change,  ind^ 
pendently  of  this,  in  the  tissue-cells.  But  it  is  clear,  from  the 
effects  of  injury  on  the  cornea  or  cartilige,  that  the  cells  alone  mav  be 
affected.  When  any  cause  producing  necrosis  acts  on  a  part  genernJlr, 
sonje  elements  are  affected  earlier  than  others  ;  generally  the  paren- 
chyma before  the  connective  tissue  or  vessels:  the  gray  nervous  mat- 
ter i»cfore  the  nerve-fibres;  and  so  on.  Simple  concussion  ujJiy 
destroy  the  integrity  of  braJn  tissue,  without  anj'  wound,  internal  or 
external,  <d' skull,  skin,  or  membranes. 

Besides  the  causes  just  alluded  to  as  interfering  with  life  of  cells, 
there  is  one  caitse  which  ajtpears  to  have  a  special  and  directly  inju- 
rious effect  on  cell  life,  namely  the  influence  of  bacteria  which  set  up 
infective  or  septic  processes.  Any  decomposing  matters  such  M 
ammoniacal  urine,  putrid  piis  or  other  discharge,  or  dead  tissue,  all  of 
which  contain  septic  organisms,  have  a  more  or  less  deleterious  effect 
on  cell  life.  It  does  not  follow  that  this  effi»ct  is  always  fatal  to  the 
cell,  because  the  vitality  of  the  latter  may  he  superior ;  but  when  septic 
organisms  are  contained  in,  or  even  in  contact  witti,  healthy  tissues. 
there  is  always  a  possibility  that  the  latter  may  suffer. 

This  property  belongs  in  a  greater  or  less  degree  to  all  pathogenic 
bacteria,  as  will  be  shown  later  on.  Nevertheless,  the  effect  nere 
spoken  of  must  be  di.stinguished  from  the  production  of  special  liis- 
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ease.     By  inoculation  of  bucteria  into  tlie  cornea,  their  necrotic  effect 
ba.s  been  detiionstratofl  (juite  npiirt  from  infltimiiKitioii. 

Necrosis  of  tissues  is  innnciliatcly  produced  by  some  animal  poisons, 
such  as  that  of  snake-bite,  which  seems  to  have  a  direct  power  of  kill- 
ing the  tissues.  It  is  also  common  in  infective  diseases  such  as 
typhoitl  fever;  and  though  cachexia,  wcnktiess  of  circulation,  and  local 
ctmgestious  nta}'^  hiive  soniethitig  to  do  with  it,  much  must  also  be 
attributed  to  the  directly  poisonous  action  of  microorganisms  or  their 
products. 

3.  Ttinperature,  either  too  low  or  too  hi(/h,  if  continued  a  suffi- 
ciently long  time  will  produce  death  of  tissues. 

Extreme  temperatures  in  either  ilirection  producothis  result  very 
ijuickly.  According  to  ('ohnheim  the  ear  or  teg  of  a  rabbit  introduced 
into  a  hot  water  at  about  V3i)'^-l'ii>^  ¥.,  or  into  a  freezing  mixture 
within  two  or  three  degrees  of  zero  F.,  is,  in  either  case  irremediably 
killed,  even  nrtcr  »  very  short  time.  But  an  exposure  for  several  min- 
utes to  a  heat  of  114°-]  18°  F.,  or  a  cohi  of  18°  F.,  will  produce  at  the 
worst,  only  inflammation  ;  while  still  more  moderate  temperatures, 
105°  F.  on  the  one  hand,  and  two  or  three  degrees  on  the  other,  even 
if  tbev  act  for  several  minutes,  produce  only  a  transitory  hyperiemia. 

These  instances  show  that  the  lethal  effect  of  heat  and  cold  on  tis- 
sues is  a  matter  of  degree. 

Frost-bite  is  a  familiar  instance  of  necrosis  from  cokl ;  and  the  de- 
structive effects  of  ardent  liciit  or  scalding  water  on  the  tissues  are  not 
less  due  to  tissue-dentii,  though  the  appearances  may  be  different  at 
first.  When  a  burnt  ti-^sue  "sloughs,"  it  follows  the  same  law  as 
when  a  frost-bitten  ear  drops  off. 

Combination  of  Factors. — The  above-mentioned  three  causes  may  be 
considered  the  most  important  factors  in  proilucing  necrosis  ;  but  it  is, 
of  course,  quite  po.s<iible  that  they  may  be  combined,  and  that,  even  if 
no  one  of  the  conditions  should  he  completely  fulHlled,  two  or  more 
of  them  ma>-  be  partially  so.  Thu.'«,  in  a  [lart  imperfectly  supplied 
with  blood,  a  comparatively  .slight  injury  may  produce  necrosis;  and 
tissues  of  extremely  cachectic  persons,  even  though  the  blood  be  circu- 
lating freely  through  them,  will  also  be  abnormally  vulnerable. 

The  first  is  the  ciise  in  senile  gangrene^  where  the  tis-siics  are  habit- 
ually anjemic  from  gradual  obstruction  of  arteries,  and  receive  burely 
enough  nourishment  for  their  support,  so  that  they  ai'o  nicely  bahvnced 
between  life  and  death.  Under  these  circumstances  a  very  slight 
injury,  say  to  one  toe,  will  cause  gangrene,  which  may  spn-ad  over  a 
great  part  of  the  Umb,  though  there  be  no  absolute  blocking  of  its  main 
artery  by  any  definite  mass. 

The  second  ca.se  of  extretiie  cachexia,  though  combined  with  free 
circulation  of  blood,  is  seen  iri  nuT/ia,  or  gangrene  of  the  face  or  geni- 
tals in  children.  This  is  now  said  to  be  a  hactera!  disease^  and  it  is 
certain  that  microorganisms  are  met  with,  hut  that  these  are  such 
as  do  not  grow  in  healthy  tissues,  so  that  the  combination  of  the  two 
factors,  cachexia  and  the  action  of  bacteria,  is  what  really  causes  the 
disease. 
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The  same  explanatiou  applies  to  gangrene  after  feverd,  wLich 
spoken  of  just  now. 

Is  TTerve-lesion  a  Cause  of  Gangrene  1 — In  addition  to  the  causes 
mentioned,  defective  innervation  is  by  many  patliologists  regarded  as 
a  direct  cause  of  necrosis.  The  instances  given  are  such  as  sloughing 
bedsore  (decubitus)  wliicli  r)ccur«i  in  fevers  and  also  in  cases  of  para- 
plegia, where  there  is  loss  of  motility  and  of  sensation  in  the  lower 
part  of  the  body.  The  rapid  onset  of  this  symptom  when  the  spinal 
cord  is  directly  injure<l  by  fracture  of  the  vertebnv.  even  in  yoang 
persons  paeviously  healthy  ;  and  the  remarkable  tact  of  a  unilateral 
injury  to  the  cord  becoming  complicated  with  sloughing  on  the  opp(»- 
site  side  only,  the  part  in  which  anit^rthesia  occurs  under  those  cir- 
cumstances, seems  to  point  to  some  direct  influence  of  the  nervfr- 
centres.  The  symptoms  may  appear  on  the  second  or  third  day  after 
the  injury,  but  more  generally  on  tlie  fourth  or  fifth.  In  the  unilar 
teral  cases  they  may  begin  on  the  eleventh  to  thirtieth  day. 

The  same  symptom  often  occurs  in  acute  myelitis,  and  more  rarelj 
in  bmin- disease  or  injury,  whether  unilateral  or  central. 

It  is  to  be  noted  that  this  affection  always  begins  in  parts  of  the 
body  exposed  to  pressure,  where  the  skin  is  drawn  rather  tightly  over 
bone;  and  whicli  are  already  in  most  cases  anresthetic  as  well  af 
motionless  ;  e.  g.,  the  sacrum,  nates,  heel,  angle  of  scapula,  vertebral 
spine,  elbows,  etc.  Although  from  these  parts  the  lesion  may  spread 
to  a  certain  extent^  it  never  passes  over  to  any  quite  different  region 
of  the  body. 

In  addition  to  the  above-named  predisposing  causes  of  malnutrition. 
we  have  to  take  into  account  the  sinking  down  of  the  blood,  which 
produces  hypojitatic  congestion  (see  Ilypenvmia,  p.  42)  when  the  hear! 
is  weak,  the  feebleness  of  the  circulation  generally,  and,  further,  the 
fi-equent  complication  with  septic  or  infective  disease. 

Considering  that  these  powerful  concurring  causes  are  all  in  opera- 
tion at  the  parts  affected,  it  seems  hardly  necessary  to  suppose  that 
there  is,  in  addition,  any  special  tmphv'  change  set  up  by  the  nervoas 
system.  But  that  the  condition  of  the  central  nervous  system  may, 
tlirotigh  the  vaso-motor  nerves,  produce  jmralytic  hyperiemin  and  « 
cooperate  with  the  other  causes  in  producing  gangrene,  is  tnach 
more  probable. 

Another  lesion  supposed  to  show  necrosis  from  impaired  innervation, 
is  perforating  ulcer  of  the  foot;  about  which  we  can  only  s.iy  here  that 
it  differs  much  from  the  other  changes  described  as  gangrene  or  net'ro- 
818.  It  is  not  uncommonly  observed  in  certain  disesises  of  the  spinal 
cord,  more  especially  in  tabes  dorsalis.  A  similar  affection  has  been 
described  by  Mr.  Sutton  in  the  Foot  of  a  civet  c.it,  in  which  case  there 
was  found  to  be  [)rofoiind  degeration  of  the  spinal  cord  in  the  dorsal 
region,  and  sclerosis  with  atrophy  of  nerve-tubes  in  the  chief  nerve  of 
the  limb.  The  evidence  for  a  neurotic  cause  appears  stronger  than  b 
the  case  of  bedsore. 

Symmetrical  gangrene,  or  Raynaud's  disease,  is  clearly  due  to 
cutting  off  the  btood  supply,  and  has  been  spoken  of  under  Anxmia. 
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Another  cause  of  gangrene  is  ergotism,  already  referred  to  as  an 
instance  of  interference  with  nutrititioii  by  cutting  ofl'  of  Ijlood-supply 
tlirongli  jirterial  coutniction.  The  changes  which  occur  appear  to  be 
sonieirvhat  cuniplicatoU  and  to  affect  other  bloodvessels  as  well  as  the 
arteries.  Hence  these  elianges  also  have  been  referred  to  a  disturbance 
of  the  nervous  system  ;  but,  after  all,  it  seems  clear  that  interference 
with  the  blood-supply  is  the  immedifile  factor  in  the  production  of 
this  form  of  gangrene,  even  if  we  suppose  the  vascular  tJisturbance  to 
be  caused  by  abnortiiiil  innervation.  j>iabetic  person.^  are  liable  to 
gangrene,  the  precise  cause  of  which  is  not  quite  clear. 

Varieties  or  EindB  of  Necrosis. — Using  necrosis  as  a  genenil  term 
for  locjil  death,  several  varieties  are  distinguished. 

By  iftnitfrctte  is  generally  understood  a  condition  of  actual  decom 
position  in  consequence  of  death  of  the  jnut.     Mortification  i.s  synon- 
vnious.      It  is  usually  jiutrefactive. 

Superficial  gungrene  covering  an  intlanied  part  is  hot  gangrene,  in 
distinction  to  cold,  or  sphacelus,  whicli  extends  more  deeply  and 
widely.  Moiftt  gangrene  i.s  actually  putrefactive,  while  in  the  condi- 
tion called  dn/  gangrene,  or  muniinificittion,  there  is  a  slow  drying  up 
of  the  tissues  into  a  mass  which  may  remain  for  a  very  long  time 
unchanged.  The  chief  predisposing  condition  is  evajioration,  when 
this  is  possible  from  loss  of  the  epidermis. 

tSpotitartioun  gangrene  is  a  term  of  doubtful  propriety,  meaning, 
rather,  xuddi'n, 

J/ifiiimntaton/  gaugtx'na  is  death  of  a  block  or  mass  of  tissue  in  con- 
sequence of  inllammation. 

Muipitat  gangrene  is  a  disease  aflecting  wounds,  is  transmi,"!isible 
from  one  person  to  nnother,  and  caused  by  microiVrganisms. 

Necrosis,  as  distinguished  from  gangrene,  hfm  no  special  UHme, 
though  it  might  be  well  if  it  hud,  .«!ince  the  process  ia  very  distinct. 
In  gangrene  we  see  in  the  affected  part  the  same  changes  as  we  see 
under  difTerent  circumstances  in  dead  bodies.  They  are  accompanied 
and  caused  by  the  presence  of  microorganisms,  except  in  the  case  of 
mummification.  The  clumges  in  .simple  necrosis,  as  seen  in  internal 
parts,  may  be  referred  to  the  cells  chiefly,  and  partly  to  the  smaller 
bloodvessels. 

Process  of  Hecrosis. — When  a  cell  dies,  its  proto[)la.sui  undergoes 
certain  changes  which  are  closely  related  to  coagulation  of  filirin,  or 
to  rigor  mortis  in  muscles. 

In  coagulation  of  blood  or  lymph  the  di'ath  of  leucocytes  is  thought 
to  liberate  the  fibrinoplastic  substance  and  the  ferment  which,  with  llie 
fibrinogenous  sub.<itance  of  the  plasma,  form  fibrin. 

Now,  according  to  Weigert,  there  occurs  in  the  death  of  tissue-cellH 
a  process  wliich  is  in  a  certain  sense  the  convci"se  of  this,  and  has  been 
called  iwaguhthu-  or  hyaline  n<i'roii».  There  is  cuiigiilalion.  which 
takes  ])!ace  within  the  cells,  insteud  i>f  outside  them,  as  in  coagulation 
of  blood.  The  cell  becomes  penetrated  by  the  lymph,  which  contains 
a  fibrinogenous  substance.     With  this,  the  fibrinoplastic  substance  of 
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the  cell   combines,  and  coagulation  results,  producing  a   stiftnes-s  or 
rigidity  wliicli  is  anulojrotis  to  rigor  mortis. 

The  first  noticeable  clisiugc  is  that  the  nuclt'us  disappears  in  a  few 
hours  or  a  few  days.  Then  the  wliole  cell  becomes  more  homoge- 
neous, and  finally  breaks  up  into  detritus. 

This  change  is  seen  very  clearly  in  an  infurction  of  the  kidney,  if  »t 
is  not  too  much  tinged  with  blood.  The  color  of  the.se  infarctions  is 
so  strikingly  different  from  that  of  the  kidney-substance,  that  they 
used  to  be  regarded  as  massts  of  fibrin  ;  hut  in  sections  there,  is  at  first 
sight  very  little  abnormality  to  be  seen.  The  substance  look.s  hyaline, 
the  outlines  of  the  cells  indistinct ;  and  if  different  stages  can  be 
followed,  the  changes  above  described  can  b«  trace<L 

Hyaline  (or  waxy)  degeneration  of  tnuscular  tissue,  which  occurs  in 
many  morbid  conditions,  is  thought  to  be  essentially  the  same  process. 

In  diphtheritic  and  croupous  false  membranes,  the  fusion  of  cells 
which  have  undergone  tlris  change  forms  homogeneous  masses,  often 
liaving  the  appearance  of  fibrinous  exudation  from  the  Moodve-ssels. 

Rccklinghiiusen  describes  n  "hyaline  thrombosis"  of  small  arteries, 
in  whicli  llie  hyaline  msisses  result  from  the  fusion  of  fibrin  and  the 
blood-elements.  He  has  seen  this  very  widely  spread  tliroiigh  masses 
of  neci'olic  tissue,  in  senile  giingrene  and  other  conditions.  The 
smaller  vessels  are  filled  with  this  hyaline  material,  and  sometimes 
arteries  of  a  recognizable  sixe  also.  He  regards  it  as  a  cause  of 
necrosis,  especially  in  cases  of  "spontaneous  senile  gangrene"  where 
there  is  no  obstruction  of  large  trunks.  Very  similar  appearances 
have  been  described  by  Dr.  Haiidlield  Jones,  in  cerebral  arteries 
(Trans.  Path.  Soi\.  vol,  xxxv.  p.  1-54). 

Termination  of  the  Necrotic  Process. — In  necTosis,  unaccompanied 
by  putrcfuction,  there  are  two  possible  issues  to  the  necrotic  process. 
If  the  utijount  of  li()uid  be  abundant,  as  is  the  case,  for  instance,  in  the 
brain,  the  tissue  liqciefies — that  is,  breaks  down  into  a  thick  tluid  con- 
taining disintegratetl  materials.  The  softening  of  tlirninbi  and  infarc- 
tions, and  that  which  less  commonh'  occurs  in  lymphatic  ghnids  after 
intlammation,  ;ire  other  instances.  The  requisite  conditions  are — pre- 
vention of  evaporation  and  imperfect  removal  of  fluid  by  the  lymph- 
atics. 

If  the  fluid  be  deficient,  so  that  the  necrotic  ma.sscs  are  very  dry, 
the  so-called  caseoug  change  results.  This  is  seen  when  large  masses 
of  cells  press  upon  one  another,  and  undergo  necrosis,  while  the  fluids 
are  removed  by  the  lymjdiatics.  CoU(ctii>ns  of  leucocytes  in  lymph- 
atii-  glands  from  chronic  inflammation  or  tuberculosis  undt-rgo  this 
change.  It  seems  as  if  the  lymphatics  were  able  to  carry  off  the  fluids, 
but  not  the  colls,  so  that  the  latter  are  left  behind,  a*i  if  on  a  filter. 
Cellular  fjroductions,  such  as  the  products  of  tubercular  inflammation, 
and  syphilitic  ma.sses,  undergo  the  same  change.  The  yellow,  crumb- 
ling appearance  is  partly  due  to  fatty  degeneration  of  cells. 

It  is  not  necessary  to  suppose  that  the  death  of  cells,  which  is  the 
starting-point  of  this  process,  in  caused  directly  by  their  mutiml 
pressure.     It  is  more  probably  due,  at  least  in  the  specific  infianmia- 
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tions,  to  the  directly  poisonous  effect  of  the  specific  virus,  whatever 
that  virus  may  be. 

This  process  of  dry  necrosis  or  caseous  change  generally,  if  not 
always,  ends  in  calcification,  provided  no  other  change  supervenes. 
Thus  are  produced  the  calcareous  masses  which,  as  before  pointed  out, 
form  the  last  stage  of  many  inflammatory  products.  But  there  may 
be  a  great  deal  of  calcareous  change,  even  when  the  resulting  mass  is 
not  quite  solid,  for  the  gruel-like  pulp  of  degenerated  lymph-glands 
often  contains  calcareous  granules. 

Separation  of  a  Necrotic  Mass. — Every  mass  of  necrotic  tissue, 
whether  distinctly  gangrenous,  or  the  result  of  hyaline  necrosis, 
becomes  isolated  from  the  rest  of  the  body.  This  isolation  is  effected 
by  inflammation. 

In  external  gangrene,  a  well-marked  zone  of  suppurative  inflamma- 
tion may  be  seen  dividing  the  sound  from  the  gangrenous  tissue.  The 
normal  or  healthy  result  of  this  is  that  the  dead  mass  is  cut  off  from 
the  living  body. 

In  internal  parts  the  process  is  rather  different.  The  inflammatory 
zone  is  always  seen  when  the  necrosis  has  advanced  to  a  certain  stage, 
but  it  does  not  necessarily  suppurate.  The  hypersemic  tissue  becomes 
infiltrated  with  leucocytes,  and  ultimately  a  band  of  fibrous  tissue  is 
formed,  which  may  have  the  distinctness  of  a  capsule.  The  walls  of 
this  capsule  must  have  some  power  of  absorption,  as  a  great  part, 
sometimes  the  whole,  of  the  necrotic  mass  may  be  removed  and  only  a 
fibrous  scar  remain.  Sometimes  a  residue  is  left,  which  becomes 
calcified. 

Thus  we  see  the  organism  treats  a  dead  part  as  it  deals  with  a 
foreign  body.  If  possible,  the  foreign  body  is  eliminated  by  suppura- 
tion.   If  not,  it  is  surrounded  by  a  fibrous  capsule,  and  rendered  inert. 

The  process  of  incapsulation  is  essentially  the  same,  for  instance, 
around  a  parasite,  a  dead  syphiloma,  a  dead  mass  of  tubercular  matter, 
or  even  a  piece  of  dead  bone. 

The  after-differences  depend  upon  whether  the  included  mass  is 
capable,  or  not,  of  being  expelled ;  or  whether  the  injurious  part  of  it 
is  capable  of  being  absorbed.  The  fibrous  capsule  of  an  abscess 
appears  to  have  the  power  of  carrying  away  what  is  injurious  in  an 
abscess,  so  that,  while  at  first  it  infects  the  organism  with  a  fever- 
poison,  afterward  it  ceases  to  do  so.  This  removal  is  effected  by  the 
lymphatics  of  the  fibrous  tissue. 

The  reason  why  a  piece  of  dead  bone,  for  instance,  refuses,  so  to 
speak,  to  become  incapsulated,  and  maintains  an  open  sinus  from  which 
pus  discharges,  is  that  the  part  contains  septic  microorganisms.  These 
prevent  the  formation  of  healthy  tissue,  and  it  is  a  favorable  circum- 
stance for  the  organism  that  they  do  prevent  it,  for  otherwise  dangerous 
materials  would  often  be  retained  within  the  body.  A  perfectly  aseptic 
fracture  heals  up  without  a  sinus,  as  is  w^ell  known  from  the  results  of 
antiseptic  surgery,  and  from  the  experiments  of  Hueter  and  others. 


CHAPTER    Xin. 

ATROPHY.  GENERAL  AND  LOCAL. 

TuK  wonl  atrophy,  which  juenits  litemlly  want  of  food,  is  used  to 
signify  the  result  of  Huch  a  privutiun,  niiniely,  wasting  or  diminutios 
ill  size.  It  implies  partial,  not  total,  deprivation  of  nourishment; 
since  the  latter  produces  general  or  local  death  (necrosis).  StncUj, 
moreover,  the  word  does  not  apply  when  there  is  a  qualitative  chnngr 
as  well  as  a  quantitative.  Hut  since  many  processes  which  arc  at 
first  alterations  of  quality  (dej^euerations)  lend  in  tlie  end  to  diniinu- 
tion  of  size,  it  is  difficult  to  draw  the  line. 

Atfopliy  uitiiy  hv  ;/enera/  or  locil. 

General  Atrophy  or  wu-stirig  of  the  whule  body,  may  be  dm*  to 
want  of  food,  or  to  some  condition  interfering  with  the  absorption  and 
assimilation  of  food. 

The  most  perfect  example  of  general  atrojihy  is  seen  in  slow  star- 
vation. But  eases  iu  wijieh  the  organs  of  digestion  are  seriously 
affected,  such  as  obstruction  of  the  pylorus  by  cancer,  are  cases  of 
virtual  starvation. 

Many  diseases  which  cause  wasting  of  the  body  were  formerly 
known  as  "Consumption,"  or,  in  Latin,  "  Tabes";  but,  by  a  singala'r 
limitation  of  use,  the  former  of  these  terms  is  now  exclusively  applied 
to  a  disease  of  the  lungs,  the  latter  to  a  disease  of  the  spinal  cord. 
The  wasting  of  old  age  is  a  form  of  general  atrophy. 

(Jeneral  atrophy,  from  whatever  cause,  affects  different  tissues  and 
organs  of  the  body  unequally.  The  adipose  tissue  is  6rst  subject  to 
wasting,  then  the  muscles,  then  the  internal  viscera,  last  of  all  the 
brain  and  the  skeleton.  All  atrojdiies  produced  by  want  of  nour- 
ishment folbm  the  same  law,  and  are  thus  distinguished  from  tho 
special  forms  of  sitrophy  in  which  one  system,  such  as  the  muscular, 
is  preeminently  affected.  The  atrophy  of  old  age  affecta  especially 
the  skeleton,  the  skin,  and  the  nerve-centres. 

.Vtrophy  affecting  children  is  sometimes  distinguished  as  a  special 
form,  under  the  name  of  infantile  atrophy  or  marasmus,  and  is  often 
ascribed,  on  very  inadequate  grounds,  to  disease  of  the  mesenteric 
vessels,  as  tabes  mesentcrica  or  •'consumption  of  the  bowels."  Infan- 
tile atrophy  is  really  no  "listinct  malady,  but  the  result  either  of 
improper  food,  or  of  some  chronic  disease  of  the  digestive  organs,  or 
of  some  general  di.sease. 

The  causes  of  general  atri>phy  in  ndults  are  too  many  an<i  various 
to  be  here  enumerated. 

Local  Atrophy. — Atrophy,  or  smallness  of  any  part  of  the  liocir. 
may  deperul  upon  a  congenital  condition  or  may  be  acquired. 
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Congenital  ntrnpLy — more  accm'iitfly  ciilled  congenital  sinjillnegs- 


accH 

SOlll 


part  of  the  body,  throiii^li  arrest  of 


is  the  coinlitioii  in   ivliich 

growth,  never  reaches  its  normal  size. 

This  condition  sometimes  aflects  tlie  whole  of  one  side  of  tlie  boHy, 
so  that  the  two  sides  are  unecpiiil,  when  it  is  called  Hrntiafrophf. 

Such  an  ine(|iiality  may  evidently  he  |)rndiiced  nlso  by  hypertrophy 
of  one  side,  but  iu  pnu-tiee  there  is  little  ditBcwlty  in  distinguishing 
the  two  enrniitions ;  the  atrophic  si  !e  being  shown  to  l^e  the  abnormal 
one  by  special  wjiSting  or  muscular  weukness.  sometimes  by  actual 
hemi[)legia. 

Atrophy  of  the  limbs  and  trunk  on  one  side  is  sometimes  accom- 
panied by  atro[)hy  ol'  the  same  side  of  the  head  and  face,  hut  more 
generally  by  that  of  the  oppof^ite  side.  This  latter  condition,  which 
may  be  calh'il  transverse  or  cross  atrophy,  points  unmistakiihiy  to  a 
unilateral  affection  of  the  brain,  either  congenital  or  beginning  in 
very  early  life.  In  a  certain  number  of  sueli  cases,  evidence  has  been 
given  of  injnry  to  the  brain  at  hirth,  through  delivery  by  forceps. 
In  souie  cases  idiocy  or  defective  intelligence  has  been  recorded,  in 
others  the  cerebral  functions  were  normal. 

Hemiatrophy,  affecting  tlie  head  and  face  only,  is  more  common 
than  the  last  named  condition,  and  is  known  as  hftniatt'ttphiafaeitiJU. 
It  Tuuy  be  congenital,  or  may  come  on  in  childhood  or  adult  life.  In 
the  latter  case  it  is  often  progressive,  the  skin  being  first  affected, 
then  the  soft  parts  and  then  the  hones,  so  that  ultimately  the  whole 
affected  side  nf  the  head  is  measurably  smaller  than  the  other,  and 
the  corresponding  half  of  the  tongue  stiifdler  than  the  other.  The 
ears,  in  some  cases  at  least,  show  an  analogous  inequality.  Sensation 
is  sometimes  lost,  .sometimes  unimpaired.  The  special  senses  are 
nmstly  somewhat  impaired  in  their  function ;  hut  not  necessarily 
affected  by  any  lesion.  Muscular  [jaralysis  is  no  part  of  the  affection, 
though  the  muscles  will  be  wasted.  The  affected  side  is  usually  more 
or  less  aiia-tiiic  as  compared  with  the  other,  but  the  control  of  the 
sympathetic  nerves  over  the  circulation  is  at  least  in  some  cases  pre- 
served. 

There  can  be  no  doubt  that  this  form  of  atrophy  is  essentially 
caused  by  an  alteration  in  the  nervous  supply  of  the  parti  and  the 
negative  characters  given  above  evidoutlv  exclude  the  facial  and  the 
cervical  sympathL-tie,  so  that  the  symptoms  are  clearly  referable  to  a 
lesion  of  the  fifth  nerve.  The  absence  of  cerebral  affection,  and  cer- 
tain other  definite  fact^,  also  prove  further  that  this  nerve  is  affected 
after  leaving  the  brain,  either  in  its  trunk,  its  branches  or  in  one  of 
its  ganglia. 

The  conclusion  to  be  drawn  from  these  facts  is  that  this  mainly 
sensory  nerve  has  a  direct  relation  to  the  nutrition  of  the  parts  to 
which  it  is  distributed.  It  has  a  tropic  fimction,  in  adilition  to  its 
other  functions.  This  result  has  an  importJUit  bearing  on  the  expla- 
nation of  other  forms  of  atrophy  where  the  nerves  supplying  the 
parts  are  mixed  nerves,  and  their  functions  cannot  therefore  he  so  well 
discriminated. 
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Some  other  forms  of  atropliy  may  be  alao  tiTiced    to  faulty  inncrr:. 
lion.     The  atropliy  of  paralyzed   muscles   is    partly    due   to  siini 
distt^e ;  but  this  is  not  an  adequate  explanation  in  all  eases,  --^ 
amount  of  wasting  varies  very  mueli  in  diRerent   forms  of  p- 
In  the  so-called  infantile  or  essential  paralysis  due  to  ariterifir  poii"- 
myelitis  or  intiammation  of  the  anterior  gray  cornua  (in  adults  m  weJl 
as  children),  atrophy  of  the  affected  muscles  is  very  rapid,  and  «f  tt 
intensity  quite  disproportionate  to  the  mere   inactivitv  of  the  Umlft 
In   jirogre-ssive  nuiscular  atrophy,  tliough  caused    by    difwast?  of  tlir 
8pinal  cord,  wiu'*ting  of  tlie  muscles  is  the  most  marked    ' 
precedes   paralysis.     These  diseases   plainly  show   an    ini    : 
the  tropliic  function  of  the  nerve.s,  independent  of  the  loss  nf  motnr 
power.     In   various  other  spinal  diseases,  as  {rlosso-labirv-pharyngwl 
paralysi.s,    the   atrophic    eleiuent    is    present :    combined    hi    vorioip 
degrees  with   umtor  and  sensory  defects,  and,  where   not  i<implv  tIi» 
result  of  inactivity,  is  evidence  of  the  same  alteration    in    the  trophii 
functions,     \\v  cannot  here  consider  whether  this  function   is  Ioc»(«il 
in  any  special  part  of  the  nervous  system. 

Atrophy  of  the  testicles  has  been  in  several  cases  observed  as* 
consequence  of  injury  to  the  spinal  cord,  brain,  or  cerebelluia.  An 
injury  of  the  cord  jiroduciiig  paraplegia,  if  in  the  region  of  the  low?? 
dorsal  or  upper  hnuhar  vertebra',  will,  according  to  Klebs,  cni 
produce,  in  one  nr  two  weeks,  a  softening  of  the  glands,  resiili 
atrophy,  and  accompanied,  after  a  time,  by  complete  absence  of  epet- 
matoaoa,  Similar  results  have  been  produced  experimentally  in 
animals  by  section  of  the  spermatic  nerve, 

The  remaining  sf)ecial  causes  of  atrophy  may  be  clafisifie<l  ii5(Il 
disuse  or  in  activity,  (2)  overuse.  (3)  pressure,  (4)  deficient  bl<iod 
supply,  (5)  destruction  of  the  tissue-elements  by  inflammation  or  8p«» 
cific  poisons. 

1.  Atrophy  from  Disuse  is  seen  in  all  organs  which  have  a  oca- 
stant  active  function,  when  this  function  is  interniptcd. 

Organs  whose  functions  are  periodic  do  not  suflcr  in  the  Bame  «»v. 
or  scarcely  so.  This  is  sren  in  the  sexual  organs,  the  ftmetions  uf 
which  may  rcmsiin  in  abeyance  for  long  perio«l8  of  time  without  list- 
ing;  most  eons[iicui)usly  in  the  mammury  gland,  which,  thou>rh  it  ii 
called  into  functional  activity  only  for  a  short  time  and  with  long 
intervals  of  rest,  remains  ready  to  respond  to  the  functional  stimuloi 
when  that  comes  into  operation.  But  after  the  climacteric  period. 
when  pregnancy  is  no  longer  possible,  the  apparatus  of  hictatioD 
undergoes  atropliy.  There  is  no  sufficient  evidence  of  tin?  aasertioD 
sometimes  made  that  rigorous  celibacy  in  men  is  followed  by  waRtin? 
of  the  testicles.  At  least,  if  this  does  occur,  it  is  only  after  xnanT 
years. 

Instances  of  organs  with  constant  functions  which  suffer  atropbv 
from  disuse  are  the  digestive  organs,  muscles,  and  nerves,  and  certain 
parts  of  bones. 

When  the  stomach  no  longer  takes  in  food,  either  from  abdolntr 
'•'^rvation  or  in  cases  of  obstruction   of  the  oesophagus,   tho  orsiB 
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beconoes  extremely  wasted,  being  sometimes  apparently  not  larger 
than  a  piece  of  intestine.  This  can  only  occur  when  life  is  prolonged 
by  nourishment  introduced  by  another  chanuel,  as  by  nutrient  eue- 
wata.     The  other  digestive  orguns  .sufTer  also,  thougli  in  a  le.-*9  degree. 

Mnddes  which  are  cut  off  from  connection  with  their  motor  nerves, 
and  ttius  rendered  iouctive,  undergo  slow  wasting.  This  is  seen  in  it« 
purest  form  after  hemiplegia  from  injury  to  the  corpus  striatum,  or  in 
paralysis  of  a  linih  from  nerve-section.  The  paralyzed  mu.scles  .''loivly 
waste.  pas.-;ing  through  the  stage  of  fatty  degeneration,  and  frecjuently 
ending  in  rigidity — a  process  very  different  from  the  rapid  atrophy  of 
the  special  diseases  mentioned  above. 

Nerve-fibres  cut  off  from  their  central  connections — that  is,  from 
tile  guiiglion  cells — invariably  and  rapidly  waste.  If,  for  instance, 
the  muscle-nerves  in  an  animal  are  experimentally  divided,  the  elec- 
trical irritability  of  the  nerve  is  ijuite  lost  witliin  four  days,  though 
the  muscles,  if  directly  excited,  retain  their  irritability  much  longer. 
If  healing  be  prevented,  the  peripheral  portion  of  the  nerve  under- 
goes rapjtl  degenerative  atrophy,  while  the  ceiitnil  stump  remains 
entire.  An  apparent  exception  is  found  in  tlie  case  of  the  posterior 
roots — namely,  that  the  portion  of  the  root  between  the  spinal  gang- 
lion and  the  spinal  cord  degenerates,  while  that  between  the  ganglion 
and  the  periphend  portion  of  the  nerve  is  preserved.  This  shows 
that,  for  the  motor  fibres,  connection  with  the  gray  matter  of  the  cord 
is  necessary  to  preserve  their  vitality,  while  the  same  result  is  attained 
for  the  sensory  fibres  by  their  connection  with  the  ganglion. 

In  cases  of  old  uraputation  of  limbs,  when  nervons  currents  have 
ceased  to  p;iss  for  ruany  years,  more  extensive  changes  have  been 
observed — viz.,  atrophy  of  the  nerve-tnmks  in  the  stump,  of  both 
root.s  of  the  nerve,  especially  the  posterior,  of  the  posterior  white 
column  of  the  cord  on  the  side  of  tlie  amputatiou,  and,  to  a  small 
extent,  of  the  gray  matter  also.  These  changes,  however,  have  not 
been  found  in  all  cases. 

The  process  of  atrophy  in  nerve- trunks  is  effected  by  means  of  the 
fatty  dcgeueration  elsewhere  described  {sec  Chapter  XIV.).  It  is 
acconipiiuicd  or  f<dlowcd  by  infiammatory  and  other  changes  in  the 
neurilemma,  but  these  are  probably  secondary. 

Even  bones  also  undergo  atrophy  from  disuse,  that  is,  when  not 
maintained  under  the  normal  mechanical  conditions.  The  long  bones 
of  the  limbs  become  snialler.  not  only  wlien  the  limb  is  paralyzed,  but 
when  it  is  kept  for  a  long  time  immovable  through  pain.  In  cases  of 
dislocation  the  socket  of  the  joint  wastes  when  it  no  longer  liohls  the 
head  of  the  bone.  The  alveolar  proces.s  of  the  jaw,  from  which  teeth 
have  fallen  out,  wastes  and  is  absorbed  when  the  pressure  of  the  teeth 
is  removed. 

2,  Atrophy  from  Overuse. — Overwork  is  les-s  commonly  a  cause  of 
atrophy  thnn  underwork  ;  neverthetess,  a  certain  number  of  cases  are 
met  witJi  where  atrophy  of  actively  functioning  organs  occurs  from 
this  cause,  if  there  beat  the  same  time  imperfect  nutrition.  It  is  seen 
in  the  nervous,  muscular,  und  secreting  systems. 
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a.  Nervou»  Hi/stem. — From  wlmt  lias  been  siiitl  above  of  the  relative 
liability  to  sitrujiliy  of  different  tis.<ues,  we  silioiild  expuet  that  tlie 
ganglionic  nerve-tissue  would  suffer  first  ;  and  it  is  tli>is  that  Ave  roust j 


daiu  th 


douljtedli 


r-flectf 


certain  cases  ot  excessn 
cerebral  activity.  Syul]^tolns  of  loss  of  control  or  over-excitability 
are,  perhaps,  the  first  evidence  of  inip.'iired  nutrition  of  the  cerebral 
cortex:  next,  diminished  power  of  performing  tlie  functions  which  have 
been  unduly  exercisetl,  or  what  is  called  loss  of  intellectual  power; 
finally,  complete  functional  ine!i}ia<.'ity,  or  amentia. 

It  is  also  highly  probable  that  some  of  what  are  callc<l  the  systemic 
disejises  of  the  spinal  cord  result  from  the  overwork  of  particular  ner- 
vous tracts,  though  there  is  at  present  hardly  adequate  anatomical 
evidence  for  this  conclusion. 

In  the  ease  of  complicated  movements,  which  retjuire  for  their  per- 
formance a  special  combination  of  the  nervo-muacuhir  mechanism,  we 
see  also  similar  instances,  as  in  the  class  of  liyperkinetic  diseases, 
represcnteil  by  writer's  cramp.  In  some  cases  (usually  as  early  symp- 
toms) we  see  tremors  or  crumps,  indicating  imperfect  nutrition  or  de- 
generation of  the  nerve-centres.  In  more  extretne  cases,  or  in  later 
stages,  we  have  failure  of  tlie  eondticting  nervous  system,  or  motor- 
paralysis,  and  finally  wasting  away  of  the  miiaeles. 

But  in  all  cases  of  nervous  atrophy  thus  produced,  the  most  impor- 
tant determiniug  factors  are — insufficient  intervals  of  rest  interfering 
with  the  nutrition  of  the  body  as  a  whole. 

b.  Must'ula)-  nystem. — Muscles  rarely  become  atrophied  from  over- 
work, hut  instances  are  known,  esjiecially  in  cases  where  the  body 
generally  is  hmlly  nourislied.  I  have  seen  a  porter  in  whom,  as  the 
result,  a]ijHirently,  of  carryiii;i  excessive  burdens  out  his  shoulders, 
there  was  symmeirieal  atrophy  of  certain  muscles,  especially  the 
trapezius,  supraspinutus,  and  infraspinatus,  the  deltoids  being  «n- 
aflecteil.  Although  of  robust  build,  the  man  had  been  for  a  long  time 
half-starved. 

The  commoner  kind  of  j>rogressive  muscular  atrophy  affecting  the 
shoulder  and  one  arm  of  oncsiile  has  also,  though  with  less  probability, 
been  referred  to  overuse,  on  tlie  ground  that  this  affection  is  most  often 
seen  in  the  laboring  classes,  affects  men  more  often  tfian  women,  and 
the  right  arm  more  often  than  the  left.  Rap'itl  atrophy  of  miischv* 
has  been  said  to  occur  in  soldiers  when  Imdly  fed,  after  long,  exhaust- 
ing marches. 

The  heart,  though  generally  enlarged  by  increased  work,  shows 
atrophy,  takitig  the  form  tif  rapid  dilatation,  as  a  conse<juence  of  violent 
exertion,  without  proper  |)rcpanition,  or  with  insufficient  food.  I  have 
often  seen  cases  of  this  "actite  cardiac  dilatation"  in  youths  with  insuffi- 
cient physical  power  employed  in  engineering  works,  and  using  ham- 
mers of  great  weight. 

f.  Gltindx. — It  can  hardly  admit  of  doubt  that  j>remature  wasting 
of  the  testicles  results,  in  some  cases,  from  sexual  excesses. 

3.  Atrophy  from  Pressure. — In  contrast  to  the  last-mentioned 
instances,  we  find  that  pressure  is  in  many  cases  a  cause  of  atrophy. 
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For  llii.H  tlie  pressure  must  be  constant ;  if  intermittent,  it  causes 
Lyperiemia  and  often  hypertrophy  as  bufort-  shown.  The  instnnces  of 
wasting  of  soft  tissues  lUid  solid  stnu'1  tiros,  when  pressed  upon  by 
aneurisms  or  otiier  tumors,  are  too  familiur  to  nei'd  dt-scrijition. 

External  pressure  will  oftun  ciuise  Wiisting,  [iruvided  it  be  not  so 
severe  lis  in  ciiuse  actual  death  U>  the  fiart,  or  neerdsis. 

4.  Atrophy  from  Obstructed  Blood-supply. — This  may  of  coui-sc 
occur,  but  is  not  in  practice  a  very  common  cause  of  wasting,  since 
some  more  complex  changes,  such  as  necrosis  or  infarction,  are  gener- 
ally set  up  by  arterial  obstruction.  In  many  ca-ses  wasting  of  an 
organ  and  narrowing  of  its  arteries  gn  haml  in  hand,  witljout  our  being 
able  to  SUV  that  one  is  the  cjuise  of  the  other.  This  is  partly  the  ciuse 
in  senile  atrnphy ;  nevertheless  the  wasting  of  special  organs  in  old 
age,  as  the  skin,  the  spleen,  and  the  kidneys,  seeuis  related  to  the 
gradual  obliteration  of  artcri&s  which  is  characteristic  of  adviiueed 
life. 

We  sometimes  find  poat-mortnit  a  kidney  wasted  from  obstruction  of 
its  artery,  probably  through  tin  embolism  which  blocked  it  a  long 
time  previously. 

5.  Atrophy  from  Inflamination — In  all  inflannnations  there  is 
some  destruction  of  tissne-elctnents ;  and  it  often  ha[)pens  that  the 
hjss  thus  caused  is  never  reinstated,  so  that  permanent  atrophy  of 
some  tissue  or  tissui-s  results.  This  is  seen,  for  instance,  in  iniJamma- 
tion  of  muscle,  where  the  tnuscuhir  tis-stie  is  never  completely  restored; 
and  in  secretory  glands,  where  the  gland-cells  suffer  atrophy  if  the 
organ  is  inflamed.  The  same  is  true  of  the  brain  and  other  nervous 
tissues. 

On  the  other  baud,  it  is  fwssible  that  the  processes  of  repair  which 
follow  inflammation  may  predominate  over  (lestruction,  and  hypertro- 
phy be  the  result,  as  in  fibrous  tissue  and  bone. 

(A-rtiiin  special  poisons  appear  to  cause  atrophy  of  special  tissues; 
for  instjuice.  lead- poisoning  jtroduces  wasting  of  certain  muscles.  So 
it  is  iusserted  that  iodine  mny  cause  atrophy  of  the  thyroid,  mamma, 
and  testicles;  but  this  requires  conJirmatioii. 

TTnexplained  Atrophies. — It  must  be  admitted  that  some  atrophies 
cannot  lie  explained  by  any  of  the  causes  enumerated  above.  Some 
are  phases  of  natural  devehtpment,  such  as  the  wasting  of  the  th^'mus 
in  early  life,  and  that  of  the  mamnuie  an<I  sexual  organs  at  a  later  age. 
Hut  in  others  no  such  explanation  can  be  given.  The  skin  sometimes 
wastes  in  certain  ilefinite  directions,  producing  the  .so-called  linear 
atrophy,  which  though  it  luay  be  ti  conseipieiiee  of  pregnancy,  or  of 
obesity.  oecrn*s  also  in  the  absence  of  cither  of  these  conditions.  In 
the  very  rare  disease  called  mmrular  atrophy,  the  same  lesion  is  found 
in  s|K)ts  or  patches  instead  of  lines. 

Bones  sometimes  undergo  a  peculiar  form  of  atrophy,  rendering 
them  brittle  (_/m*/iVjfa«  o*«mm);  but  this  condition,  though  causing 
undoubted  Avaste  of  the  bony  tissue,  is  apparently  dependent  on 
changes  in  the  medulla,  which  are  rather  hyperpla-stie  or  inflammatory. 


CHAPTER   XIV. 

ALBUMINOUS  AND  FATTY  DEGENERATIOX. 

By  degeneration  is  meant  a  change  for  the  worse  in  some  part 
tissue,  or  element  of  the  bodv,  regarded  with  reference  to  its  quaiitr. 
It  is  not  degeneration  when  a  part  is  curtailed,  maimed,  or  wounded: 
nor  when  it  actually  dies  (t.  e.,  becomes  gangrenous) ;  but  it  is  so  when 
the  subject  becomes  changed  into  something  less  highly  organized, 
less  complex  in  chemical  composition,  or  less  suited  for  the  performance 
of  the  proper  functions  of  the  part. 

Tabular  View  of  Degenerative  Processes. 


Xuue. 

.    N«tar«i>rproceM. 
.Metjim'>rpln>>i.;. 

Parts  fttrected. 

CkoM. 

An>uiuin"ii-. 

.Mn!<«'le.  fpilhvliuiii. 

Fever? 

Fatly. 

lutiltnttioii. 

Ci>uiuH'tiv«?-tir-*iie.  sland- 
.Musfle.  claiul-cellr.  ••lo. 

Iiuperfipct  oxidation. 

Fattv. 

Metaiuorj>h<»si>, 

.Vtn>phy  or  n«cm»i«. 

Clk.i.J. 

Metamorph<>>is. 

(•huni-cvlls.  new  irn>wih*. 

rnkiuiwn. 

Muo.iu^. 

Metamorpln>.i«. 

Epithelium.  <vniieftivi'- 
tii^uo.  new  irrowih>. 

Unknovrn. 

«''jli-ar..'..ii-. 

Depo-it. 

Ana-mic     ami     atr>>pliie 
ti.-sues. 

r'pocial  chemical  rearti-a. 

ri.;ia"iit:iry. 

Pep>*it. 

Xorinal  >ituati<>ii*:  <oaty 

Natural     pixH>e:is :     btttvyt- 

of  hemorrhaire. 

rhasre. 

Lar<lui'»'«--i-. 

Inri!tniti..n? 

Bl«i.nlv«>**»'l>  ami  lil>rvs. 

Prolonswd  «-upp<irat!Oii.  H- 

Fit.r..!.!. 

S•l».^titMti..Il. 

S[r<ima  ">f  -•1:1  oripni^. 

Ohnmio  inllaiutuati<.>ii 

.    _   .    ,   _    _ 

Strictly  speak inir,  degeneration  should  be  a  chemical  trunsformatioii. 
or  mt'tamorphosiit  of  the  material  into  some  simpler  chemical  form: 
but  the  term  is  also  use<l  more  lo«>sely  of  processes  by  which  some  ne» 
material  is  dt-poslUd  in  or  inJiltrateJ,  that  is,  goak*  through  the 
tissues  or  when  a  newly  funned  tissue,  of  inferior  organism  to  the 
original,  replaces,  or  is  substituted  for  it. 

Hence  a  degenerative  pnx'ess,  in  the  wide  sense,  may  be  a  meta- 
morphosis, a  deposit,  an  infiltration,  or  a  substitution.  The  precediof 
table  shows  the  cliief  degenerative  pn>cesses  as  thus  defined. 

Albaminoas  or  Granular  Degeneration. — This  name  is  given  to  a 
condition  "f  anatomical  elements,  especially  muscular  fibres  and  ew- 
thelial  cells,  in  which  they  are  found  somewhat  swollen,  opaque  'jr 
cloudy,  and  filled  with  minute  refractive  granules.  The  general 
a[>pearaiice  is  not  unlike  that  of  fatty  degeneration.  The  distincti<'>n 
is  that  the  granules  in  the  couilition  now  mentioned  are  albamiooo^. 
and  dissolve  in  acetic  acid.  The  organs  aiTected  appear  enlarged  fro* 
the  swelling  of  their  elements,  pale  and  opaque. 
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This  conditinn,  alsn  known  as  clomly  $\vdliii<^  or  parenchyma toua 
iegcnenition,  »nd  ciilk'd  by  Virdiow  jKirftJcliymatoiis  inllammahon, 
met  with  in  nmny  febrile  disfusos,  espieeiully  tin-  specific  inlVotive 
^ers  und  pytemia;  also  uf'ter  poisonitifT  by  phosphorus,  arsenic,  or 
stroncr  iniuerul  acids. 


I 


Oraniilnr  swelling  of  renul  I'jii  I  helium  in  h  ciwc  of  lyphoiil  f"'ver  wiib  iiDnitiiiiiuria 
(CoKSiL  a:«d  Ranvikb). 

In  some  cases  {a.;/.,  in   diplitheria  and  scarlatin-i)  it  riiny  he  found 
ven  when   the  disease  is  of  very  sliort  dtiratiun.     The  kidneys  and 
ver  are  the  orjians  most  often  exaujiiied  :   the  muscular  tissue  of  the 
heart  shows  similar  changes,  and  the  other  muscles  also,  if  examined, 
will  be  found  degenerated. 

It  should  be  remembered  that  the  protoplasm  of  all  cells  after  death 
becomes  cloudy  and  somewhat  /granular.  The  change  mrw  spoken  of 
is,  however,  more  marked  than  the  ordinary  post-mortem,  granular 
condition,  and,  moreover,  is  distinguished  by  causing  swelling  of  the 
elements. 

Cause  of  Granular  Degeneration — ^The  association  of  this  change 
with  fetuile  and  indammalory  conditions  led  at  first  to  the  supposi- 
tion that  it  refireseuted  the  first  sta«re  of  inflammation,  and  it  was 
hence  spoken  of  as  parenchymatous  inllammation.  There  is  not  ne- 
cessarily inflammation  of  any  other  tissues  in  the  organs  affectwl,  or 
vascular  hypentmia ;  and  the  chanpje  appears  to  be  passive  rather 
tlian  active.  Nevertheless  it  must  be  regarded,  in  many  cases,  as 
resulting  from  the  action  on  the  epithelial  or  paretichymatous  ele- 
ment.s,  of  the  same  injury  which,  acting  on  the  vessels  and  connective 
tissue,  produces  hypenifmia,  exudation,  and  reli-diapedesis. 

There  appears  to  be  an  accumulation  of  some  kind  of  allmminous 
substance  in  the  cell,  and  imperfect  removal,  which  may  be  a  conse- 
quence of  the  hy|)cnemia  attendant  on  inflammation,  or  may  he  the 
direct  cnnseriuenccs  vf  the  impairment  of  the  active  life  of  the  cell 
caused  by  injury. 

Another  supposition  is  that  these  molecular  changes  arc  a  coyige- 
quence  of  the  higli  temjierature  to  which  the  tissues  are  exposed  in 
febrile  conditions.  Though  experiments  have  not  positively  estab- 
lished this  hviiothesis,  there  is  nothing  definitelv  to  contradict  it. 
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Fatty  Degeneration  and  Infiltration. — ^These  processes,  though 
es^ntially  different,  are  sometimes  in  practice  difficult  to  distingueli 
from  one  another. 

By  fatty  infiltration  or  Up'oaaio^u,  we  mean  the  excessive  deposi- 
tion of  fat  in  certain  celU  whicli  normally  contain  some ;  that  is.  in 
those  situation?  in  the  bcNjy  where  fat  is  normallv  accumulated. 

These  situations  are:  1;  are«jlar  connective-tissue.  esp<>cially  thii 
under  the  skin  and  that  surrounding  certain  abdominal  viscera :  the 
omentum,  and  that  which  sef^arates  muscular  bundles  both  of  the 
heart  and  vohintary  muscles:  (2)  gland-cells,  more  especially  of  the 
liver. 

1.  This  infiltration  of  onnective-tissue  with  fat  appears  to  be  regu- 
lated by  the  amount  of  fatty  matters  absorbed  by  the  blood,  and  the 
amount  oxidized  by  respiration.  If  the  former  process  be  greatly 
intensified  or  the  latter  hindered,  an  excessive  accumulation  of  ht 
takes  place.  Although  such  an  accumulation  is,  in  most  instances, 
general,  it  is  sometimes  much  more  markeil  in  certain  parts  of  the 
body  than  in  others.  The  causes  which  determine  accumulation  of 
fat  at  one  part  more  than  another  are  not  well  understooiU  but  appesr 
to  be  stagnation  of  circulation  and  consequent  deficiencv  of  local 
respiration.  Thus  insufficient  action  of  the  muscles  leads  to  obesitv, 
and  as  regards  the  heart  it  would  seem  that  occasional  forced  action, 
and  consequent  rapid  circulation,  are  necessary  to  prevent  the  accu- 
mulation of  fat  there  in  well-nourished  persons.  It  is  also  clear  that 
inertness  or  want  of  p«>wer  in  the  sexual  organs  fiivors  the  accumula- 
tion of  fat,  though  in  what  way  is  not  known. 

The  process  of  -training"  men  or  animals  for  feats  of  strength, 
supplies  evidence  that  profuse  perspiration  removes  excessive  accumu- 
lations of  fat :  and  trainers  believe  that  fat  can  be  removed  from  one 
part  .specially  by  production  of  hx'al  i>erspiration  there.  Internal  ftt 
is  removefl  by  increased  muscular  activity,  leading  to  increased  oxida- 
tion. An  instance  of  the  power  of  diminished  oxidation  to  favor 
accumulation  of  fat  is  seen  in  anaemic  girls  in  whom  the  oxidizing 
power  of  blrxnl  is  deficient  and  who  are  generally  fat  thoufrh  not 
really  well-nourishe<l. 

Fatty  infiltration  of  connective-tissue  amounting  to  a  disease  is 
hanlly  known  except  in  connection  with  the  heart  and  muscles,  unless 
general  obesity  be  so  considered. 

Fatty  Infiltration  of  the  Heart  consists  first  in  the  proiluction  of 
an  unusual  quantity  of  adi[)0sc  tissue  in  the  visceral  pericanlium: 
next  in  deposit  of  fat  in  the  interstitial  connective  tissue  of  the  heart- 
substance.  The  external  fat  is  of  little  consequence.  It  is  often  seen 
in  abundance  on  the  hearts  of  pei-sons  killed  by  accident  in  robust 
health  ;  and  there  is  no  reason  to  think  that  it  impedes  the  action  of 
the  heart.  Such  a  condition  should  therefore  never  be  set  down, 
under  the  name  of  "fatty  heart,  "  as  a  csuise  of  death. 

Infiltration  of  fatty  tissue  among  the  muscular  bundles  gives  a  yel- 
lowish appearance  to  the  heart-substance,  and  renders  it  to  some 
extent  mher  than  natural.     It  resembles  the  flesh  of  overfed  animals. 
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But  it  h  mont  import'Oit  to  7\'wemher  that  tliis  <loc.s  not  nuccifsnrily 
imply  any  aflectioii  of  tlie  muni'le-tifircit.  The  lattor  aiu  aflectod  by 
fatty  df\f/eneratiiin,  to  bu  [(resuiitly  spokiTi  of,  and  tliis  ccuulition  may 
accompany  faity  intiltratioti,  but  need  not  do  .so,  and  may  occur  inde- 
|Hmdently.  Hence,  careful  microscopical  examination  is  necessary 
before  we  can  tsay  tliat  there  is  fatty  deii;enerafir>n  of  the  heart. 

In  the  voluntary  niuselt's,  fatty  de«;eneration  is  seen  to  some  extent 
in  t!ie  bodies  of  corpulent  persons  who  have  taken  little  exorcise. 
Such  muscic'.^  are  pale,  flabby,  and  .•somewhat  soft.  It  must  be  sup- 
posiid  that  they  arc  functionally  less  competent  than  normal  muscles. 

A  very  remarkatde  form  of  fatty  infiltration  is  soen  in  the  disease 
callwi  Duclienno's  paralysis,  or  pseudo-hypertrophio  paralysis,  which 
is  really  an  affection  of  the  muscles.  In  thi.s  disease  there  is  an 
apparent  enlargement  of  the  muscles,  which  are  prominent  and  hard, 
but  the  ap|>earauce  ia  really  due  to  a  hirjre  development  of  fatty  tissue 
between  the  musclar  fibres.  These  fihres  are  at  the  same  time 
extremely  atrophied,  but  it  is  at  present  impossible  to  say  whether  the 
muscular  atrophy  or  the  fatty  overwrowth  is  the  ])rimary  change. 

It  is  also  importiint  to  note  that  the  fatty  tissue  in  and  ahout  wast- 
ing organs  often  becniues  increased.  Thtis  a  wasted  kidney  is  found 
iud^edded  in  a  mass  of  adipose  tissue:  and,  when  very  small,  is  some- 
times incorrectly  described  as  con  verted  into  a  mass  of  fat. 

2.  Fatty  Infiltration  of  Liver. ^Whether  the  hepatic  cells  in  a!l 
animals  normally  contain  fat,  is  uncertain  ;  but  it  is  cpiite  clear  that 
in  the  liuman  subject  we  never  find  a  liver  of  which  the  cells  do  not 
contain  fatty  drops  in  larger  or  stiialler  quantity. 

When  the  quantity  is  extreme  we  have  the  so-called  fatty  liver- 
large,  white,  and  often  so  light  as  to  float  on  water,  and  sometimes  so 
soaked  in  fat  that  a  small  portion  may  bo  inflammable. 

This  condition  may  be  produced  artificially  by  feeding  animals  with 
oil,  keeping  them  warm,  and  preventing  nnisoiilar  moveuumt,  as  is 
seen  in  the  geese  of  Strashin'g,  whose  livers  furnish  the  celebrated 
pies.  There  can  be  no  doulit  that  most  if  not  all  the  fat  is  carried  to 
the  liver  by  the  portiil  vein  and  imperfectly  removed  by  the  hepatic. 

The  same  result.s  are  produced  in  a  less  degree  in  pei-sons  who  take 
excess  of  fatty  food,  with  imperfect  oxidation.  It  is  especially  notice- 
able in  alcoholic  exce.'^s,  probably  liecause  the  alcoliol  suffers  oxidation 
instead  \)f  fat. 

It  is  more  difliciilt  to  explain  the  occurrence  of  fatt^y  liver  in  pulmo- 
nary phthisis  and  even  in  some  other  wasting  di.-^euscs.  The  proba- 
bility is  that  by  the  process  of  emaciation  (the  machinery  of  which  is 
not  well  understood)  fat  is  absorbed  from  other  parts  of  the  body,  and 
put  in  circulation  through  the  blood,  but  owing  to  the  deficient  oxy- 
genation in  the  lungs  and  venous  congestion  of  the  liver,  it  is  arrested 
and  accuundates  there. 

Fatty  Degeneration. — In  this  condition  fat  is  formed  in  the  stibstance 
of  the  tissuc-eh'ments,  i.  *'.,  in  the  protoplasma  of  cells,  the  walls  of 
bloodvessel*,  etc.,  without  being  brought  by  the  bloo{].  Such  a  forma- 
tion of  fat  can  only  be  the  result  of  a  chemical  decomposition,  break- 
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ing  up  of  the  albuminates  into  fat  and  some  nitrogenous  subsUncs 
simpler  than  albumen.  There  can  be  no  doubt  that  such  a  process  i? 
chemically  possible,  since  the  complex  molecule  of  albumen  contaiie 
nitrogen,  carbon,  hydrogen,  and  oxygen,  while  fats  consist  of  carbon, 
hydrogen,  and  oxygen  only.  Moreover,  facts  such  as  the  following 
are  adduced  to  prove  that  it  actually  occurs. 

The  formation  of  adipocere.  This  name  is  given  to  a  fatty  soV 
stance  sometimes  formed  after  death  in  the  bodies  of  men  and  animak 
if  they  are  kept  at  a  low  temperature  in  a  moist  place.  This  white, 
waxy-looking  material  may  replace  muscular,  connective,  and  otber 
tissue  in  such  quantity  as  to  show  that  it  cannot  be  merely  the  ha 
originally  contained  in  those  tissues.  Hence  it  is  concluded  that  it 
has  been  formed  by  chemical  transformation  from  albuminates.' 

In  the  change  called  '*  ripening"  which  occurs  when  cheese  is  kept, 
there  is  an  increase  in  the  amount  of  fatty  matter  in  the  cheese,  whidi 
can  only  take  place  at  the  expense  of  the  albuminous  constituents,  since 
nothing  is  added  to  the  cheese. 

If  the  composition  of  albumen  be  compared  with  that  of  urea,  it  will 
be  seen  that  the  former  contains  a  large  proportion  of  carbon  ancl 
some  hydrogen  not  contained  in  the  latter.  Hence  in  the  change  of 
albuminates  into  urea  there  will  be  constantly  set  free  the  element!  of 
a  carbohydrate,  which,  unless  immediately  oxidized,  probably  remains 
in  the  lK)dy  as  fat. 

It  has  also  been  shown  that  in  animals  fed  on  an  exclusively  nitro- 
genous diet  (without  fut)  the  amount  of  fat  in  the  body  may  increase. 

From  these  and  other  physiological  results  it  is  certain  that  fat  mtv 
be  formed  from  albuminates,  and  probably  that  the  fat  of  fatty  degen- 
eration is  thus  produced  by  chemical  change  or  metabolism  of  the 
protoplasm.  Some  physiologists  are  disposed  to  go  further,  and  con- 
clude that  all  production  of  fat  in  the  body,  whether  normal  or  physio- 
logical, is  due  to  the  siime  cause — a  subject  too  intricate  for  discussion 
here. 

Frodnction  of  Milk. — The  natural  type  of  fatty  degeneration  is 
found  in  the  production  of  milk  by  the  mammary  gland.  Here  fatty 
globules  are  seen  to  be  formed  within  the  glandular  epithelial  cell*, 
probably  bv  a  metabolism  of  its  substiince,  when  the  functional  activity 
of  the  gland  commences.  In  case  of  the  central  cells  of  each  lobule 
this  jiroces.-*  ends  with  the  death  and  breaking  down  of  the  cells,  which 

•  Tlieiulipnrere  i!<si>m«!iitn<'s  funin'il  in  tanks  where  anatomical  pTO]taration<i  areheiiu 
iniu'eratod  to  form  skeletons.  Tlii?*  oeiriirred  in  the  anatomical  department  of  the  I'n;- 
ver-iity  of  Oxlonl  soinevearr'  airo:  hut  was  prevented  hy  warming  the  inanerating  cham- 
Ix'r  hy  Kas,  showitiv;  that  a  low  tt>injK;ratnre  is  the  ehief  deterinining  oau!<e.  Boiiio 
hiiried   in  a  ilamp  jihiee  ami  thus  cimverte'l   into  aflipooere  have  a  remarkable  £>li« 

appiMranc f  fre.-hni's^,  an<l  have  thus  ^iven  rise  to  the  marvellous  stories  of  <y>rnv- 

foiuul  >in(lecay(!il  after  many  years.  In  un  old  pamphlet  entitled  "  Immortaliiv  ii; 
Mortality  muijnified,"  printe<l  in  lfi-17,  i?  an  nc«Mmnt  of  a  Ixidy  which  ■was  found  w*ll 
])re.-<erved,  with  fat  "hard  as  white  wax"  two  inches  thick  on  the  aljdomen.  alV*r 
havini;  l>een  hurieil  thirty-four  years,  do ul ill i-s.s  in  a  damp  chnrchranl  of  thecitrof 
I^mdon. 
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the  folostrum  corpusclw.      The  ijcrijilieral  i-ells  dischnrf^e   the 
ghibulcs  which  iWrtii  luilk  corpusclfs,  and  pnxluce  others,  though 
lit  length  these  cells  are  nlso  said  to  perish. 

The  formntmn  of  fat  in  a  cell,  or  other  tiaxue  ehmenty  accompanied 
by  a  process  of  atrophy^  ileyeneration,  or  death,  is  the  essence  of  fatty 
degeneratinn,  as  tlistiiifiui.Mlied  from  mere  iiifiltnition  ;  and  may  there- 
fore be  taken  a<  the  detinitimi  of  the  former  cornlition. 

Causes. — Fatty  degeneration  occurs  in  tissues  which  are  partiully 
deprivi'ii  of  vitality,  or  nrt*  sUrophied.  Thus  in  the  inu!*eles  of  a  |)ara- 
lyzcd  limb,  an  eyeball  wasted  after  injury, 
a  part  of  the  brnin  fmni  which  the  blood- 
aupply  has  been  cut  off — in  nil  thesf  and 
similar  couditioas  we  find  fitty  degenera- 
tion of  various  tissues.  The  process  is,  then, 
a  consequence  of  malnutrition,  a  form  of 
wasting,  the  precursor  of  complete  loca! 
dciilh. 

("ertain  poisons,  notably  piios]ihorus, 
[irodiiee  nuirkeil  fatty  rlegcneration,  first  of 
the  liver,  kidney,  and  other  glan<hdar  or- 
gans, finally  of  the  lieart  and  voluntary 
muscles.  Arsenic  and  antimony  have  the 
s,ame  effect    if  their  action    is  sufficiently 

intense;  so  also  .'juljihuric  antl  otlior  acids,  ami  probably  most  mineral 
poisons,  in  the  ultimate  and  nio?<t  intense  stage  of  tlieir  action  after 
they  are  absorbed.  Even  in  chloroform  and  ether  poisoning  similar 
degeneration  has  been  traced.  Chronic  alcoholism,  which  is,  in  fact, 
a  slow  poisoning,  produces  the  same  changes  in  liver,  kidneys,  heart, 
muscles,  skin,  etc. 

These  changes  are  attributed  to  interference  with  the  oxidizing  or 
respiratory  process  in  the  cell  itself,  and  there  fire  reasons  for  thinking 
that  tht!  i'Xplanati»m  is  correct.  At  ttie  same  lime  the  fatty  change  is 
in  so  many  cases  the  precursor  of  necrosi.s  that  it  must  be  regarded  as 
degenerative  or  a  process  tending  to  death.  Perhaps  iu  cells,  as  in 
complete  animals,  if  respinition  is  impeded  long  enough,  death  ensues. 
Tins  cliange  is  so  common  in  cerliiiu  tissues  of  old  people  that  old  age 
is  loosely  spoken  of  as  the  cause.  Instances  are:  fatty  degeneration 
of  the  cornea  {arcus  senilis),  of  the  lens  (cataract),  of  cartilage,  especi- 
ally the  cells,  of  the  connective-tissue  and  endotlielium  of  arteries  and 
capillaries,  and  of  other  parts. 

Pathological  products,  such  as  cancers  or  other  new-growths,  if 
ina*lequate1v  nourished,  collectioris  of  pus  if  iinabsorfied,  blood-clots, 
etc.,  are  sulyect  to  this  change  alnti;.'  with  efdcification. 

Special  Forma  of  Fatty  Degeneration.— Fatty  dt'generation  in 
muscular  fibres,  whether  of  voluntary  muscles  or  the  heart,  is  first 
seen  in  the  muscle-corpuscles,  which  very  commonly  show  fatty 
granules. 

When  the  muscle-substance  is  affected,  it  becomes  filled  with  fine 
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granules  or  drops  of  fut.  so  tliat  no  tiaiisverse  striation  is  seen.  Evrti 
in  extreme  cases  these  do  not  run  tofr<'ther  into  larger  drops. 

In  glan<l-cell8,  sucli  as  those  of  tlie  liver,  it  is  difficult  to  «li.stinjrui-*li 
fatty  degeneration  from  infiltration.  In  fact,  looking  at  an  iiitlividual 
celt,  it  may  be  doubted  wliethcr  there  is  any  difference  at  Till.  Cer- 
tainly the  distinction  of  small  drops  (degeneration)  and  larger  droj* 
(infiltration),  which  has  been  alleged,  does  not  hold  in  this  case,  'fh* 
most  striking  form  of  degt-neratimi  ).s  seen  in  the  "yellow  atrophy  of  tW 
liver,"  in  which  liver-cells  ultimately  waste  away  altogether,  leaviDj! 
in  their  place  only  a  few  larger  or  smaller  fat-drops.  The  real  dis- 
tinction consists,  then,  in  the  changes  and  ultimate  fate  of  the  pn>to- 
plasm,  which  in  this  condition  becomes  destroyed,  while  in  infiltration 
it  is  preserved,  and  (so  far  as  we  can  trace  in  moderate  degrees  of  the 
change)  may  be  found  still  unaffected  when  the  fat  is  removed. 

The  fatty  change  of  renal  epithelium  in  certain  forms  of  Hriglit'j 
disease  appears  to  be  a  true  degeneration,  the  elements  becoming 
filled  with  larger  and  smaller  fatty  drops,  and  ultituately  losing  tLeir 
outlines  and  breaking  down,  as  may  be  seen  in  •*  fatty  casts  "  found  b 
the  urine.  It  is  also  clear  that  their  functional  activity  is  les8«Qed 
and  abolished.  Nevertlieless  the  presence  of  a  certain  amount  of  fit 
is  quite  consistent  with  general  health  and  functional  activity  of  the 
organ,  since  some  fatty  drop.s  are  constantly  seen  in  the  epithelium  of 
liealthy  kidneys,  and  tiie  kidneys  of  healthy  animals  (cat^^  and  doge) 
are  often  extremely  fatty.  It  is  probable  that  a  change  which  begins a» 
infiltration  ends  as  degeneration. 

When  the  fatty  change  of  the  renal  epithelium  has  reached  a  higli 
degree,  the  connective-tissue  strr»ma  also  becomes  affected,  being  filled 
with  fatty  molecules.  This  change  is  usually  regarded  as  dogonen- 
tion.  At  the  same  tim»'  it  is  possible  tluvt  these  fatty  molecules  tntv 
be  merely  absorbe<l  from  t!ie  fatty  epithcliuui.  and  tleposited  in  tM 
connective-tia'^ue  elements  and  lymphatic  space.*. 

Fatty  changes  in  other  glamls  need  not  be  here  considered^  siooft 
they  agree  with  those  of  the  liver  and  kidney. 

Fatty  degeneration  of  the  nervous  system  is  seen  in  nerves  which 
are  undergoing  atrophy  in  consequence  of  being  cut  off  from  their 
connection  with  the  nerve-centres. 

The  nerve-fibre.'?  in  an  atrophied  nerve  first  show  amorphous  ninsscs 
or  drops  formed  by  the  breaking  up  rtf  the  medulbiry  sheath,  which 
aflcT  a  time  are  changed  into  or  replaced  l>y  fatty  molecules.  This 
change  is  perha|>H  not,  strictly  speaking,  a  degeneration,  since  the 
medullary  .sheath  is  originally  composed  of  fatty  substance. 

In  the  brain,  fatty  degeneration  is  seen  in  white  or  yellow  soften- 
ing, a  condition  causeil  by  sudden  or  gradual  blocking  of  the  blood- 
supply  to  a  part  of  the  organ.  The  neuroglia  cells,  and  probabW 
also  the  ganglion  cells,  break  down  into  small  clumps  of  fntty  gran- 
ules called  granule-cells  or  corpuscles,  fonnerly  regarded  as  the  sign 
of  intlamimition.  Some  of  tlio  granular  corpuscles  are  probablj 
degenerated  leucocytes,  or  leucocytes  which  have  absorbe*!  faitT 
granules. 
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The  rest  of  the  tissues  softens  into  a  sort  of  pulp  or  thick  fluid, 
containing  many  fatty  molecules — in  fact,  a  sort  of  "pathological 
milk." 

Fatty  degeneration  of  cartilage  is  very  common  in  old  age,  making 
the  substance  yellow  and  soft.  This  is  the  cause  of  the  softness  of 
the  costal  cartilages  in  very  old  people,  in  whom  they  might  be  ex- 
pected to  be  ossified. 

Fatty  degeneration  is  one  of  the  factors  in  caseation  or  cheesy 
degeneration  described  elsewhere  (p.  142). 


CHAPTER   XV. 


COLLOID  AND  OTHEll  FORMS  OF  DEGENERATION.! 


CiiLLOiD  degeneration  is  characterized  by  tlic  formation  of  a 
lucent  gelatinous  siilistanco,  finiier  in  its  consistence  ihiin  tuudo.1 
is  a  process  cliieHy,  it"  not  entirely,  affecting  epithelial  celL*- 

Tbe  ciiemicjii  com  position  of  the  substance  is  not  accurately  knd 
but  there  can  he  little  doubt  that  it  is  generally  a  mixed  snl 
containing  mucin  and  alhumiuates  in  variable  proportions. 
times  no  mucin  can  be  detected.     Hence,  probably,  different  cb< 
substances  are  called  by  the  same  nauie,  as  having  the  satne  pbjH 
properties. 

Fig,  Xi. 


Colloid  ilogfiit;rj.l.iou  ul  llivroiil  ^huiil. 
a,  stri>niA    Mrporatin^   the   normal    veeiclea;  b,  norinal   epitheliuin,  nf  wbie 
iiuck'i  only  iirc  diHliiio.ih'  sho^r^ ;  c,  colloid  nuuuos  resulting  fW>ro  inel»raor 
eplllielium. 


The  physiological   type   uf  colloid  change  is   seen   in   the  llil 
gland.     The  eijithelinm   lining  the  vesicles  of  this  body   set 
hyaline  substance  which   fills  tlie  cavity,  and  ultiraatclv   asa 
phyaical  characters  callfd  colloid.     This  substance  contains 
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When  tlio  ghinil  is  enlarged  ;tnil  (lea;cncriitO(l,  in  the  condidon 
called  brunch CKfle,  cuUoid  mufjses  fill  tlit'  ciiliirj^ed  vesicU-.s,  so  that  it 
must  he  concluded  tliat  the  ejiilhelimn  lius  undergone  tniniifontiiilidn 
into  eoHoid  suhstanoe.  It  is  ttere  difficult  to  druw  the  line  between 
physiological  and  {mthologiciU  conditions. 

The  colloid  change  is  chielly  seen  iu  new-growths.  In  compound 
ovariim  cysts,  colloid  musses  often  fill  the  separate  loculi.  This  colloid 
substance  has  been  found  not  to  contain  mucin. 

A  certain  torm  of  cancer — colloid  cancer — is  remarkable  for  tlie 
metainorphasis  of  its  cells*  into  colloid  masses,  so  that  the  whole  has  a 
gehitiriotis  consistence.  The  stroma  is  unaffected.  This  substance 
contains  mucin  vvith  albuminates. 

In  certain  de;xcnerative  conditions  of  the  kitlnoy  small  eavilies  or 
cysts  are  hmiid  filleil  with  a  ji;ehitinous  substance.  But  thcM'e  is  little 
reason  for  cunncctiu'j  this  with  other  cilloid  changes,  except  in  so  far 
that  the  masses  are  probably  partly  composed  of  degenerated  epithe- 
lium. 

Mucous  Deg'eneration. — The  type  of  this  change  is  found  in  the 
secretion  of  muciparous  glands,  such  jls  the  salivary,  where  mucin  is 
formed  by  meUvbolism  of  the  jirotoplasm  of  the  gland-cells,  and  set 
free  by  the  breakirtg  down  (ir  etn|ityjng  of  these  cells. 

Salivary  corpuscles  are  cells  which  have  undergone  mucous  degen- 
eration. 

The  substance  produced — mucin — is  charucterizeil  by  its  lran.spar- 
ency  a.nd  viscidity,  and  furthei'  by  being  coagulated  by  acetic  acid 
without  being  re-dissolved  by  excess. 

In  epithelial  and  glandular  structures  tijis  form  of  degeneration 
occurs  during  inflainraation,  as  an  exce.ss  of  the  normal  process,  but 
liardly  as  a  distinct  morbid  process. 

In  the  connective  tis-suea  it  is  of  greater  importance. 

Cartilage  softens  by  mucous  transformation  of  ita  intercellular  sub- 
stance, sumetimes  ahnost  liquefying,  witjj  fi»rmation  of  cavities.  This 
is  seen  in  the  intervertebral  cartilages  in  old  age. 

Areolar  connective  tissue,  in  which  the  albuminous  intercellular 
substance  is  replaced  by  a  mucoid  substance,  constitutes  muetma  tissue, 
of  which  the  umbilical  cord  is  the  type.  This  change  hardly  occurs 
except  in  eudjryiuiic  life,  when  the  mucous  tissues  are  formed  ;  hut  in 
the  disease  called  mys<edema  theie  is  generally  an  excess  of  mucin 
in  the  subcutaneous  tissue, 

MyxQSdema. — This  remarkable  disease  can  only^  be  briefly  noticed. 
Sir  William  Gull,  who  first  observe*!  it,  described  it  as  a  "cretinoid 
condition  of  adult  women."  It  is  almost  peculiar  to  the  female  »e.x, 
and  to  middle  life,  but  some  few  cjuses  in  men  have  been  observed. 
The  chief  character  during  life  is  u  peculiar  swelling  of  skin  and  sub- 
cutaneous tissue,  not  iniluenced  in  its  distribution  by  gravity,  and 
differing  from  ordinary  anasarca  in  not  pitting  on  pressure.  This 
produces  a  peculiar  pliysiognomy,  and  gives  a  peculiar  shape  to  the 
hands,  which  have  been  described  hj?  spade  like.  Other  symptoms 
are  anasmia,  gradually  increasing  asthenia,  and  certain  nervous  syinp- 
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toms  which  canDot  be  describetl  here.  The  most  importaot  aiuiaB- 
teal  chan<;e,  aod  perbap:;  the  only  constant  one,  is  mustmg  of  tie 
thyroid  gland,  often  accompanie*!  by  swelling  of  connective-tissoe  m 
the  supraclavicular  spaces.  The  atrophy  is  accompanied^  as  is  ofin 
the  case  with  the  wasting  organs,  by  increase  of  the  interstitial  mo- 
oective-tis8ue  (see  below  on  "Fibroid  Degeneration").  Thera  La» 
aliio  been  found  after  death  a  general  increa!<e  of  conncctiv^-tiMir 
with  hyaline  or  mucous  transforinntion  of  the  basi^-substa&ce  in  vv 
ious  parts  of  the  body,  such  as  the  liver  and  the  ktdueys,  outer  co»u 
of  arteries,  the  central  nervous  system,  and  elsewhere.  The  rcHsrcto 
of  Dr.  Ord,  and  the  chemical  analyses  by  Dr.  Charles  have  fbotrn 
that  in  some  cases  there  is  a  large  increase  of  mucin  (normnllv  f-rr- 
cnt  only  in  small  <iuantity)  in  the  skin  ;  but  this  doe>  vi  t..  \* 

a  constant   feature.     On   this   ground   Dr.   Ord   pro{<'  -  '•  jim« 

myxcEdema,  now  generally  accepted. 

Some  light  has  been  thrown  on  the  pathology  of  mjxct6eam\ij 
certain  other  conditions  which  more  or  less  resemble  it. 

1.  Cretinism  is  a  state  of  imperfect  mental  antl  physical  deveJop- 
tnent  associated  either  with  the  great  enlargement  or  with  atroph?  i^ 
the  thyroid  gland.  The  variety  called  sporadic  cretini.'»in,  sonietiiue? 
seen  in  this  country,  where  the  thyroid  is  usually  absent,  and  thenjanr 
masses  of  fatty  tissue  in  the  posterior  triangles  of  the  neck,  hi* « 
striking  resemblance  to  myxocderaa,  especially  in  the  phvsiognotnv.  k 
I  have  seen  in  placing  cases  side  by  side.  Hence  the  proprietv  of  tic 
term  first  applie<l  by  Sir  W.  Gull. 

2.  Where  the  thyroid  has  been  removed  by  operation  on  tk 
human  siibjoct,  a  condition  very  similar  to  myxodema  ensue^s  wlucb 
has  beeti  c:ille<l  by  Kocber  cachexia  itruvtipriva. 

3.  E.xpcrintiMiud  removal  of  the  thyroid  in  monkeys  has  lie« 
found  by  Mr.  Victor  Horsley.  to  produce  a  similar  condition,  markd 
also  hy  profound  aiitcmia.  After  death  a  geneml  increa.se  of  counct- 
tive-tissue  was  found,  with  mucous  transformation  of  the  basis-cnl^ 
stance,  .*o  that  it  containetl  three  or  four  times  the  normal  amount  «tf 
mucin,  while  the  fat  was  absorbed.  The  salivary  glands  wer«  ■!» 
enlarged,  and  furnished  a  large  amount  of  mucin,  even  the  ]!■  •' 
which  normally  produces  none.  Mucin  was  also  found  in  th- 
These  results  agree  with  the  changes  in  Dr.  Ord's  cases. 

From  these  instances  it   is  pretty  clear  that  my.xoodema,  or  ■• 
allied  condition,  may  result  from  absence  or  cumplete   atrophy  of  the 
ihyruid,  however  prodnce<l ;  and  we  must  therefore  regani  this  di««*M 
as  a  consequence  of  the  atrophy  of  the  organ.     Cancer  or  other  »ffp^ 
tions  of  the  gland  do  not  always  lead  to  this  restdt.      The  (►nlv  thwrr 
suggested   to  explain  this  is  that  llic  function  of  the  thyroid    is  pitbtf 
to  elaborate  mucin,  or  to  fffcMi'r  further  metabolism  or  chemical  chan"** 
in  it.     If  the  former,  destruction  of  the  thyroid  m.Ty  he  thoudii  !■■ 
lead  to  the  assumption  of  its  function  by  the  other  parts.     If  tb. 
— which  seems  more  probable — then  the  check  to  the  met-' 
mucin  which  normally  takes  place  in  the  thyroid  must  be  i 
lending  to  its  accumuhttion  elsewhere. 
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Other  connective-tissucif  rarely  nnderiro  mucous  change;  but,  oti 
tlic  other  hund,  it  fVetiuently  occurs  in  tumors. 

Fatty  antl  fibrous  tumors  are  often  partinllj  converted  into  mucous 
tissue.  CurtiluginouH  tumors  are  [lartly  composed  of  the  same  ;  and 
it  occurs  as  the  exclusive  material  of  tumors,  which  are  then  culled 
myxoma,  and  which  may  be  regarded  a*i  fibrous  tumors  in  a  state  of 
mucous  defeneration, 

Calcareoufl  Infiltration  or  Degeneration. — This  change  consi.sts  in 
the  depu.sit  of  linie-salt.H  in  the  elements  either  of  an  original  tissue, 
or  of  some  new  growth,  or  of  iidlamtmitory  products. 

The  immediate  cause  must  be  some  chemtcul  reaction  between  the 
tissue-sidwiaiice  and  the  small  amount  of  calcareous  salts  normally  con- 
tained in  the  blood  or  other  fluid."*  of  tlie  body.  The  precise  nature  of 
this  reaction  is  unknown  but  it  is  always  connected  with  Juwered 
nutrition. 

Physiologically,  tins  change  is  seen  in  the  calcification  of  structures, 
such  lus  the  stags  horn. 

Here,  in  tlie  first  instance,  a  highly  Vivscular  substance  is  formed 
which  contains  no  lime.  The  arteries  become  gradu;dly  olistrucled. 
As  this  change  occurs,  and  the  tissues  become  aiiiCiuic,  calcareous 
granules  are  deposited  in  the  tissues  around  the  vc.S3els,  which  thus 
become  infiltrated  with  calcareous  matter. 

Calcareous  infiltration  occurs  as  a  senile  change  in  the  walls  of 
arteries. 

The  muscuhir  fibres  of  the  Ijypertrophied  middle  coat  often  become 
calcified  and  rigid;  but  if  the  lime  be  removed  by  acids,  the  muscle- 
fibres  are  seen  comparatively  unaffecteil. 

In  tlie  inner  coat  this  change  is  associated  with  atheroma,  and 
aft'ects  the  newly  formed  material  [produced  in  that  condition. 

Infiiimmatury  lymph,  collections  of  ])us  which  are  not  absorbed,  tljc 
products  of  the  flegenerative  (so-called  scrofulous)  infiumniation  of 
lymphatic  glands,  caseous  tubercular  masses  in  various  organs,  are  the 
favorite  seats  of  calcareous  infiltration. 

(Jld  blood-dots  in  veins  often  become  calcified,  forming  phlehoHthg, 
or  vein-stones. 

The  tissues  of  a  dead,  waste. i  eyeball  oft,en  become  calcified,,  and 
sometimes  true  bone  is  fonncd  in  this  situation. 

Various  new-growths  are  subject  to  calcification,  as,  for  instance, 
the  smooth-muscle  tumoi-s  connected  with  the  uterus  (uterine  fibroitls). 

Para^sites  of  all  kinds,  when  dead  and  encysted,  as  echinococcus  or 
hydatid  cysts,  trichinfe  in  the  muscles,  etc.,  very  often  either  become 
themselves  calcified  or  become  surrounded  by  a  calcareous  wall. 

Since  in  all  these  cases  degeneration,  malnutrition,  or  even  local 
death,  is  the  [u-ecursor  of  the  process,  calcareous  infiltration  is  very 
properly  described  as  a  degenerative  process. 

It  is  doubtful  how  far  an  excess  of  lime-sak.s  in  the  blood  is  ever  a 
-cause  of  calcareous  infiltration.  Nevertheless  in  many  of  these  cases, 
especially  in  senile  changes,  there  is  a  simultaneous  wasting  of  calca- 
reous structures,  viz.,  bones   and   teeth  ;   so  that  a  larger  amount  of 
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lime-salts  may  be  put   into  circulation,   and   thus    faror    CftiotfMai 

deposition  in  the  affected  parts. 

In  raiv  cases  the  rapid  absorption  of  bone  from  some  speciiil  <iii<««« 
has  been  observed  to  be  accotnpr>iue<l  by  exceftsive  deposit iou  uf  limi- 
salts  in  other  parts.  To  this  jtrocess  tlie  name  calcareous  metsBtuti 
has  been  jziveii. 

Pigmentation,  or  BO-called  Pigmentary  Degeneration. — Some  dr 
generative  processe.s  are  yccomjmnied  by  the  de[)osiiioii  in  the  li&mt* 
of  a  black  or  dark-colored  material  which  has  been  called  pigtueiiL 
Hence  the  term  pigmentary  degeneration  has  been  used,  but  ibr 
deposition  nf  pigment  nlone  docs  not  imply  degeneration,  hencv  lit?- 
term  cannot  be  regarded  as  accurate.  Probably  several  -i  ' 
8ubstunc«'s  are  called  by  the  niiuie  of  pigment;  two  at  least  !i; 
distinguished, 

1.  Pki/giologicttl  pupni'fit,  L  e,  a  black  or  hrown  gmimlar  substa&ce 
contained  in  the  "pigment  celts"  of  the  choroid,  nf  the  cutis,  of  the 
membranes  investing  the  nerve-centres,  in  the  Malpighjan  Inrer  n{ 
epidermis,  and  in  other  parts.  So  far  from  being  a  sign  of  degeneration, 
the  presence  of  this  substance  is  generally  associated  with  ^reat  phyii- 
ologictil  activity,  a-s  in  the  sense  organs,  etc.  It  is  also  found  in  new- 
growths,  especially  in  pigmented  or  melanotic  sarconia,  which  will  ht 
afterward  spoken  of:  and  this  is  a  growtli  possessing;  great  powers  of 
increase,  and  reproduction  in  otiier  {>»rts. 

The  only  pathological  cotvditions  iiflfecting  this  form  of  pigment  are 
its  absence^  or  diminution,  and  its  incn'asf.  It  is  absent  in  the  indi- 
viduais  called  alhinoeH ;  but,  as  the  condition  is  a  congenital  afTectioo 
and  not  a  morbid  process,  it  need  not  be  considered  here. 

Increase  of  the  physiological  pigment,  in  its  natural  situations,  i» 
found  in  certain  diseases,  most  strikingly  m  Addisoivg  dietease  of  tbr 
suprarenal  capsules;  in  a  less  degree  in  certain  affections  of  the  liver, 
and  in  cases  of  cancer. 

The  only  |ioint  necessary  ti»  emphasize  here  is  that  the  organs  con- 
taining an  c.\cc.>*s  nf  pigment  arc  tiot  impaired  either  in  structure  or 
function.  The  pmress.  therefore,  is  not  a  degeneration,  even  though 
it  be  a.ssociaLed  with  a  wasting  nnd  fatal  disease. 

The  cause  of  this  morbid  pigmentation  is  unknown.  The  source  <>f 
the  ])igment  is  also  unknown,  though  it  may  plausibly  be  supposed  Iw 
be  a  derivative  of  hsemoglobtn. 

In  one  curious  disease,  pigmentary  excess  and  deficiency  of  the  skin 
exist  side  by  side,  so  that  we  have  patches  of  white  skin  next  to  or 
aurrouniled  by  brown  skin.  This  condition,  usually  called  leucodermi. 
might  with  more  propriety  be  named  MilannUwoderma. 

Some  curious  instances  are  on  rcconl  of"  black  sweat,"  j.  e.,  of  tlip 
excretion  by  the  sweat-glands  of  black  pigment  which  is  deposited  on 
the  skin.  This  extraordinary  phenomenon,  which  would  appear 
incredible  were  it  not  well  attested,  is  entirely  unexplained. 

2.  Altered  f'lood-pitpnrjit  <leposited  in  the  tissues  is  often  the  cm» 
of  brown,  slaty,  or  even  black  color. 

This  depends  upon   the  presence  of  some  substance   derive<l  Blt>- 
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tnately  from  the  lijenioglnljin  of  broken-tknvn  blond  corpusclfs,  arut  is 
a  sign  of  lieinorrharre,  or  usually  very  numerous  miiuttc  liomonhages 
having  occurred.     The  process  has  imvu  [trevioufly  fxplniucil  (]».  63). 

By  this  process,  the  skin,  for  instance,  which  hits  been  subjected  to 
violent  scriitdiing  for  a  long  time,  or  which  has  been  the  seat  of 
chronic  venous  hypcraMuia,  or  exposed  to  external  heat,  as  when  the 
legs  itreitften  seorclicd  at  the  fire,  may  become  very  deeply  pigmented, 
and  the  condition  may  precisely  resemble  excessive  physiological  pig- 
mentation. Tlie  chief  difference  is  that  the  artificial  pigmentation 
will  slowly  pass  away  if  the  cause  ceases  to  act.  It  is  -most  conspic- 
uous in  old  people. 

Pigrnontation  of  many  orgnn.s,  beginning  with  tlie  spleen,  and  next 
in  order  the  liver,  is  found  as  a  consequence  of  ague.  It  is  probably 
due  to  destruction  of  bloofl  corpuscles. 

Stain  tog  of  the  tissues  by  bile  is  sometimes  spoken  of  as  a  pignjen- 
tution. 

It  is  hardly  necessary  to  point  out  tliat  the  deposition  of  foreign 
aubstnnces.  as  particles  of  carbon,  stone-dust,  iron  filings,  etc.,  in 
tissues  such  as  lungs  or  skin,  will  produce  a  special  tint  or  color. 

80  also  nitrate  of  silver,  taken  as  a  medicine,  may  produce  the 
well-known  staining  of  the  skin  from  actual  deposit  of  the  metal  in 
some  form.  Arsenic,  taken  internally  to  cure  skin  diseases,  often 
causes  pigmentation  of  the  jjarts  affected  with  the  eruption,  and  some- 
times of  the  normal  skin  in  other  parts.  But  this  is  rather  an  excess 
of  niirmal  pigment  than  a  special  dcjiosit. 

Lardaceous  or  Amyloid  Degeneration. — This  pathological  change 
consists  essentially  in  the  presence  in  the  tissue  elements  of  a  sub- 
stance of  firm,  consistent,  waxy  lustre  and  translucency,  and  without 
any  special  color,  which  shows  a  marked  resistance  to  chemical  agents 
and  to  the  action  of  pepsin,  ami  also  resists  for  a  long  time  putrefac- 
tive change.  This  suhstance  tnay  be  recognized  by  the  colors  im- 
parted to  it  by  several  reagents.  Iodine  in  solution  gives  it  a  reddish- 
brown  or  mahogany  color,  which  further  treatment  Avith  sulphuric 
acid  converts  into  a  dark — almost  black — or  sometimes  purplish  tint. 
Certain  aniline  dyes — viz.,  methyl-violet  and  gentian-violet — color 
the  elements  containing  them  bright  red  or  pink,  while  the  unaffected 
parts  are  colored  blue,  and  tims  a  remarkable  contrast  of  color  is  pro- 
duced. Indigo,  solution,  which  does  not  color  ordinary  tissues  (pro- 
biibly  in  consequence  of  their  alkaline  reaction),  colors  the  affected 
elements  blue. 

Since  the  reaction  with  iodine  and  sulphuric  acid  somewhat  resem- 
bles the  action  of  the  same  reagents  on  starch,  it  was  at  first  thought 
that  this  substance  was  allied  to  the  starch  or  cellulose  gnmji,  and  on 
this  supposition  the  name  a»n/foid.  still  extensively  used,  was  origi- 
nally given  to  it  by  Virchow.  The  name  lardaceous  <>r  bacony, 
previously  applied  to  the  change  by  Ilokitansky,  was  derived  merely 
from  the  appearance  of  the  organs  affected. 

Further  research  has  shown  that  the  substance  in  question  contains 
nitrogen,  and  agrees  in  its  percentage  composition  with  the  albumi- 
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nates,  s<j  that  it  must  be  reganled  as  a  member  of  that  groap  of  nb- 
stances,  though  distinguished  from  all  other  members  of  the  groopl^ 
its  chemical  reactions. 

This  substance  may  therefore  be  regarded  as  something  formed  b; 
chemical  transformation  out  of  ordinary  albumen,  but  how  or  vbrn 
this  transformation  is  effected  is  still  uncertain.  Since  the  change  is 
seen  in  its  earliest  stage  in  immediate  proximity  to  the  blood,  it  mivbt 
be  imagined  that  some  altered  albuminous  substance  soaks  out  of  dK 
blood  into  the  tissues.  But  the  most  minute  research  has  neTtr 
detected  any  trace  of  this  substance  in  the  blood  itself,  and  it  most 
therefore  be  concluded  that  it  is  not  exuded,  at  all  events  in  this  form, 
from  the  vessels.  The  alternative  supposition  is  that  the  chemical 
change  by  which  the  substance  is  formed  cut  of  ordinary  albumen 
takes  )>]ace  in  the  elements  themselves.  On  this  ground  some  pathol- 
ogists regard  it  as  being  produced  by  metamorphosis  of  the  elementi: 
that  is.  they  consider  tlic  process  to  be  a  true  degeneration,  not,  as  nt 
have  called  it.  an  infiltration.  But.  on  the  other  hand,  the  dow 
connection  of  the  process  with  blooilvessels,  the  increased  size  of  the 
affected  elements,  and  the  increased  density  of  the  organs  affected, 
show  that  there  is  a  transudation  or  infiltration  from  the  blood,  thondt 
the  transuded  matter  may  not  be  identical  with  that  afterward  foaiw. 
Perhaps  the  opposing  views  may  be  partly  harmonized  by  the  suppo- 
sition that  there  is  a  copious  transudation  of  ordinary  serum-albumen, 
and  that  this  gives  rise  to  a  reaction  with  the  substance  of  the  ti8S0^ 
elements  by  which  the  lardaceous  or  amyloid  sab- 
fi"  •"•^-  .«<tance  is  deposited,  just  as  lime-salts  are  depos- 

ited by  a  special  reaction  in  calcifying  or  osf^i^ing 
tissues. 

Seat  of  the  Change. — The  amyloid  process  i$ 
first  traceable  in  the  walls  of  bloodvessels.  Those 
of  the  capillaries  become  thickened  and  homo- 
geneous in  appearance,  while  at  the  same  time 
their  lumen  is  narrowed.  This  is  very  obvious  in 
the  capillaries  of  the  Malpighian  tuft  in  the  kid- 
ney (see  Fig.  34).  The  small  arteries  are  affected 
perhaps  as  soon  as  the  capillaries.  The  change 
in  them  affects  the  inner  and  middle  coat,  and  in 
the  latter  the  muscular  fibres,  while  the  lumen  is 
narrowed  (see  Fig.  34),  The  change  is,  however, 
irrejiularlv  distributed  over  the  same  vessel,  and 
,      i-.i    bi  uflects  (lifterent  parts  of  the  same  organ  in  reir 

«-riilufiof  till- kiiliK-v  in  rni  •  •  •      , 

.•;.riy  >ti.i:-  <,]•  laRh.co-  "n*-'U"»l  (Icgrccs.  The  connective  tissue  is  less 
..im'iiiriiiv'<-.  (KiHcii-  fre<iuently  and  less  severely  affected;  gland  or 
HiKSdiKKi.i)..  jiarencliyma  cells  very  little,  or  in  some  organs 

not  at  all.  On  the  Avholc  the  degeneration  is  one 
afTectiiig  tlu'  vessels  chiefly,  and  in  a  less  degree  connective  tissue. 
(Organs  affected  are  usually  enlarged,  always  paler  and  drier  than 
natural,  being  decidedly  anicmic.  An  injection  thrown  into  the 
arteries  penetrates  with  more  difficulty  than  in  a  healthy  organ.     The 
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denaity  is  also  increu-sed.  In  iulviinced  stages  of  the  diange  there  is 
a  eharacteristic  waxy  tninslucent  appeuraiice,  hut  in  early  stages 
microscopical  examination  and  careful  applJcution  of  reagents  are 
sometiiiies  necessary  to  deraonstnite  the  degeneration. 

Organs  Chiefly  Affected. — This  change  \i^  most  prominently  .seen 
in  the  abdominal  organs.  The  spleen  appear.^  to  he  the  earliest 
affected.  Here  the  process  iisuaily  begins  in  the  Malpigliian  follicles 
and  their  afferent  ves.sels.  The  former  become  much  enlarged,  pale, 
and  translucent,  so  a.s  to  resemble  grains  of  sago.  Hence  the  name 
"sago-spleen"  is  given  to  this  condition.  In  a  more  lulvanced  stage 
the  whole  organ  Is  enlarged,  and  looks  waxy  from  the  pulp  being 
affected  in  the  same  way.  Sometimes  the  pulp  is  affected  first.  Next 
in  order  of  frefpiency  come  the  ki<lneys.  In  these  organs  the  change 
always  begins  in  the  Malpighian  tufts,  and  their  apparent  arterioles, 
which  are  altered  in  the  manner  above  described  {Fig.  -34).  These 
bodies  are  somewhat  enlarged,  and  therefore  more  easily  vi.sible  with 
the  naked  eyv  than  usual,  und  have  a  glistening  ajffieanmce.  On 
soaking  in  iodine  thev  are  snen  us  br<>\vnish  points,  while  the  rest  of 
the  organ  may  be  unnfl'eetefi.  As  the  change  progresses  the  whole 
organ  becomes  wa.xy-looking  und  somewhat  translucent.  Ik  is  sonie- 
times  enlarged,  sometimes  diminished  in  bulk,  these  differences  tie- 
pending  rather  on  tht- acoomjianying  changes  than  on  tiie  hirdaceou.s 
degeneration  itself.  In  sections  the  degenerated  epithelium  and  cyl- 
inders in  the  tulies  are  often  found  affected  wiib  the  same  change.  In 
extreme  cases  tlie  degeneration  is  widely  diffused,  and  the  basement 
membrane  of  the  tubes  is  found  thickened  and  wiixy  in  appeamnce. 
I  have  .^seen  the  change  on  the  surface  of  the  pelvis  of  the  kidney. 
The  liver  is  also  very  nften  affectetl.  Jn  an  early  stage  there  nuiy  be 
little  obvious  change  until  io<line  is  applied,  when  certain  portions  are 
stained  brown.  The  first  visible  effect  of  the  degeneration  is  to  give 
a  translucent  waxy  apjiearauce  to  small  jiatches  scattered  through  the 
organ,  and  as  other  portions  are  always  found  white  and  opafjue  from 
fatty  change,  a  peculiar  marbled  appearance  is  produced.  On  minute 
examination  it  will  be  seen  that  the  opaipie  fatty  portions  correspond 
to  the  outer  7.niu'  <if  each  lobule,  vvliile  the  Iraiislucetil  jKUticui  forms 
a  brojvd  intermediate  zone,  atid  the  centre  of  the  lobule  is  little  or  not 
at  all  affected.  The  triuislucent  material  is  arranged  in  radiating 
masses,  which  at  first  sight  have  the  njipearance  of  altered  liver-cells, 
but  when  carefully  stained  with  methyl-violet  are  seen  to  be  capilla- 
ries with  thickened  and  waxy  walls;  so  that  the  change  is  essentially 
.in  the  vessels.  Lymphatic  glands  are  frequently  affected,  but  gener- 
ally only  when  other  organs  are  so  likewise.  In  sliglit  degrees  of  the 
change  microscopical  examination  and  color  reactions  are  ncees.iary  to 
estAblist)  the  degeneration.  There  is  never  any  great  enlargement. 
The  change  affects  the  smaller  arteries  and  capillaries  of  the  glanils 
as  in  other  organs,  and  besides  these  more  especially  the  reticular 
stroma,  either  of  the  lyiuph-siTiuse.s  or  of  the  fidlicular  structure.  The 
lymph-corpuscles  do  not  seem  to  be  ever  affected. 

Other    parts    sometimes   affected  with    lurdaeeous  disease  are    the 
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maoous  membrane  of  the  intestinal  can&l,  and  that  of  the  stuoiiii 
(thoogb  here  we  must  beware  of  any  fallacv-  arising  from  tlic  Mkr> 
reactions  of  atarcbj  matters  in  the  contents  of  the  stomach). 

The  pancreas,  supra-renals,  thvroid,  aorta,  luogs^  ormrieB,  Hi 
uterus  have  been  occasionally  found  altered  in  the  same  w«v. 

Isolated  or  local  patches  of  lardaceous  change  are  sometimes  fvnd 
in  diseased  tissues  without  any  general  disease.  For  iiLstanee,  in  M 
blood-clots,  in  cancers,  in  scars  of  syphilitic  ulcere,  in  single  lympkaac 
glands,  as  after  typhoid  fever,  in  fibrinous  deposits  on  the  endocardia 
and  in  the  (;iunt  cells  of  new-growths.  In  these  cases  small  msasesi/ 
material  are  found,  giving  the  characteristic  color-reaction  with  imfiai 

Cantea  of  Lardaceons  Degeneration — This  change  is  almost  ainn 
found  in  the  boilies  of  person.'^  who  have  suffered  from  some  cacbectt 
disease.  Pulmonary  phthisis  is  one  of  the  commonest  anteoedcHft 
Disease  of  bone,  especially  when  accompanied  by  suppuration,  ii 
[K'rhaps  equally  common.  Chronic  empyema  with  discharge  vm 
generally  leads  to  this  condition.  The  above-mentioned  diseases  bm 
one  character  in  common,  namely,  the  formation  and  discharge  thmu^ 
long  periods  of  large  quantities  of  pus.  Thus  chronic  suppuration  is 
the  antecedent,  and  presumably  the  cause,  of  lardaceous  disease  in  tk 
majority  of  cases.  Syphilis  is  also  a  cause,  even  when  thid  disease  bM 
not  affected  the  bones.  It  has  also  been  referred  to  carbuncles,  chronic 
dysentery,  and  leucscmia;  hut  instances  may  occur  in  which  no  cause 
can  be  traced.  When  the  degeneration  occurs  in  constitutional  s^'pliiiii 
it  is  u.Hiially  in  a  late  or  tertiary  stage,  rarely  in  the  first  year.  Bat 
suppurution  miiy  produce  the  change  in  a  few  months. 

Chemical  Eelations  of  Lardaceous  Disease. — It  has  been  .Hoid  tbii 
parts  aflecteil  with  tliis  tle^ieiierahon  do  not  give  the  alkaline  reacbon 
of  ordinary  tissues.  They  iilsu  difler  in  tlie  amount  and  nature  of  tb« 
8alt»  present.  Dr.  Dickinson,  who  first  drew  attention  to  these  facB, 
HUpposed  thut  there  was  a  deficiency  of  alkalies  generally.  But  the 
results  obtained  by  a  committee  of  the  Pathological  Society  yr\oA 
examined  this  point  led  to  a  somt'what  different  conclusion.  By  analn- 
ing  ihf  ash  of  specimens  from  three  healthy  and  tliree  lardaccoiis 
livers  for  (Kifassium,  sodium,  ptmsplioric  acid,  and  chlorine  thev  found 
the  foUo\viji^  projjortions  in  percentage  of  the  liver-substance  : 


Polnm. 

Sod*. 

FhMplK'iHr  mcia . 

ChlortM 

Ileiiltliy  livops  (Bveroge). 

0.2H21 

0.004fl 

11.3295 

0.2073 

Liiri|jux;oii»  (srerago), 

u.i;u» 

(l.IWa 

U.ltlHl 

U  1««| 

From  this  it  appears  that  the  pnt^issium  salts  are  leas  than  half  tkt 
proportion  in  healthy  tissues,  and  phosphoric  acid  is  much  diminished; 
while,  on  t!ic  other  hand,  the  |)roportion  of  sodium  salts  is  doubled,  loJ 
that  of  chlorine  greatly  increase"!. 

These  proportions  derive  .some  importiince  from  the  fact  that  in 
man,  though  not  in  all  uniiuals,  j)otassium  and  phosphoric  acid  predomi- 
nate in  the  corpuscles  of  the  blood  and  of  fius,  while  sodiatn  aai 
chlorine  are  the  predominant  elements  of  bloud-serum.  lieocv  i 
great  loss  of  pus-corpu8clc.«i  would  produce  a  deficiency  of  those  ele- 
ments 'which  are  actually  found  to  be  deficient,  and  thus   these  results 
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<;oiifirm  the  theory  of  a  causal  connection  between  chtoni*.*  suppuration 
autl  lunlaeemis  iiisease.  But  na  thero  is  nf>t  always  .«uppu ration,  it  is 
evident  that  this  themy  is  not  a  complete  explaniUion  of  the  discjisc. 

Amyloid  Concretions. —  In  several  parts  of  the  hody  we  meet  with 
small  roumiish  musses  of  hoinofiL'Keous. substance,  sometimes  showing  a 
concentric  urrarijiement,  like  ttuit  of  grains  of  starch,  which  i:ive  the 
same  or  similar  reaction  with  iodine  sis  do  the  parts  affected  with  hirda- 
ceona  degeneration.     The  reaction  with  methyl-vinlet  is  not  constant. 

These  amyloid  bodies  are  most  frequently  found  in  the  hrain,  espe- 
cially in  the  ependyrna  of  the  ventricles,  Avhere  they  were  first  dis- 
covered by  Virchow,  and  are  not  necessarily  connected  with  any  dis- 
ease, beinii  found  in  healttiy  organs.  They  also  occur  in  cerebral 
tumors  an<l  in  chronic  inilamrnation  or  sclerotic  conditions  of  the  brain 
und  spinal  conl.  But  these  formutions  are  not  connected  with  the 
general  or  widespreaiJ  lardaceous  degeneration  above  described ;  and 
since  Jicciirate  chemical  analysis  ia,  from  the  small  size  of  the  masses, 
impossible,  it  must  for  the  present  be  regarded  as  uncertain  whether 
the  substance  deposited  in  tliese  situations  is  the  same  as  that  con- 
cerned in  the  more  general  disease. 

Concentric  Bodies  in  the  Prostate. — Concretions  of  concentric 
structure  are  often  met  with  in  the  prostwte  gland,  wljich  sometimes, 
though  not  always,  give  an  amyloid  reaction  witli  iodine.  Thev  are 
not  fujsociated  with  any  disease,  and  are  said  by  Klebs  to  be  seldom 
absent  in  the  prostate  of  e.derly  persons,  while  they  are  also  found 
occasionaily  in  dogs.  They  are  often  large  enough  to  be  seen  with 
the  naked  eye,  a»s  brownish  granules,  which  were  long  ago  compared 
to  grains  of  snuff.  The  general  apptarance  of  these  bodies  on  eection 
is  like  that  of  a  small  calculus  formed  of  concentric  layers.  The  pro- 
cess of  their  formation,  traced  by  Paulizky,  appears  to  be  as  follows: 
first,  an  nlbuminoHS  deposit  is  formed  in  tlie  glandular  follicles  a.s.so- 
ciated  with  sliedding  of  the  foHiculnr  epithelium,  and  perhaps  with 
degeneration  of  these  elements.  The  ma.ss  thus  formed  muy,  by  further 
changes,  be  so  altered  as  to  give  a  brownish,  or,  in  some  instances, 
a  pure  blue  color  with  iodine  ;  and  by  the  deposition  of  successive 
layers,  the  stratified  appearance  is  produced.  In  a  later  stage,  lime- 
salts,  especially  in  the  form  of  phosphate,  are  deposited,  and  the  mass 
becomes  a  minute  calculus.  .Small  calculi  of  this  kind  are  found  in 
considerable  numlxTS  scattered  through  the  prostate,  and  evidently 
result  from  f-alcification  of  the  concentric  bodies.  Whether  the  hirg'^r 
prostatic  calculi,  [tolyhcdnil  or  facettefl  bodies  sometimes  united  into 
considerable  nias.ses,  are  always  formed  by  the  same  process  is  a  ques- 
tion which  cannot  here  be  discu.ssed.  At  all  events,  the  formation  of 
prostatic  concretions  is  a  very  different  process  from  hirdaceotis  degen- 
eration. 

Fibroid  Degeneration. ^Though  this  important  change  is  not,  strictly 
speaking,  a  <legeiieration,  yet,  as  the  name  is  often  used,  it  is  desirable 
to  exjdain  what  is  meant  by  it.  In  many  org  ins,  and  in  different 
<liseas:'H,  we  find  that  the  special  or  parenchymatous  elements  suffer 
atrophy  or  degeneration,  while  the  connective-tissue  stroma  of  the  organ 
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is  increasevl.  The  result  is  usually  that  the  organ  becomes  harder  kA 
more  Bbrous.  while  its  special  function  is  impaired  or  abolished.  Tbf 
ultimate  result  is  that,  in  place  of  healthy  tissue,  we  have  nevlj 
foruieil  fibrous  tissue :  and  the  latter  being  inferior  in  physiologiai 
value  to  the  original,  the  change  is  regarded  as  a  degeneration.  The 
term  fibrous  or  fibroid  $ub9titu.tion,  propose<l  by  Dr.  Sa^ tian.  seenu 
more  apj»ropriate.  though  it  is  not  often  used. 

Accoriling  to  our  definition  of  inflammation,  this  process  is  regard«l 
as  chronic  intei'stitial  intlammation.  but  the  classification  of  ?ucli 
changes  as  indammatory  is  not  universally  admitted.  The  chaogt 
receives  different  names  in  different  organs.  When  it  affects  tk 
nerve-centres  it  is  usually  calle<l  tcl'.r^tgii  <^ which  means  hanlenin;:. 
though,  as  a  matter  as  tact,  the  {xirts  are  not  hard),  and  several  impor- 
tant diseases  are  placetl  under  this  head.  In  the  liver,  fibroid  change 
is  called  '•irrhofi*.  nn>\  the  same  name  is  sometimes  given  to  the  iWK 
process  in  tlie  kidney,  otheiwise  calle<l  contracting  granular  kidnej. 
or  chrv>nic  interstitial  nephritis.  Fibrijid  disease  of  the  lung  is  a  weii- 
recognizeil  mi>rbid  con<lition.  though  it  is  with  difficulty  distin<vuished 
tV\m\  some  torms  of  tubercular  disease :  and  the  same  change  often 
forms  a  jvirt  of  the  prooesst-s  actaally  set  up  by  tubercle,  both  in  the 
lungs  an-.l  other  org-aus.  '  >r;rans  affecie«i  by  chronic  venous  congestion 
causing  the  changes  f>rmeriy  described  (*ev  p.  34  >  are  alsi>  calie<l 
fibri>id.  Moreover,  the  ^auif  chansi*  occurs  in  some  organs  when  thfv 
undergo  spontanc'-iis  or  physiolo.i:ical  wasting,  such  as  the  thvrw'I 
glaiivi:  and  ]>>ssiV>Iy  the  scHue  is  true  ■•f  the  change  of  the  supra-i^naU 
in  Ad  lisons  dist-ase.  It  :s  "se^n  also  in  the  walls  of  the  heart,  when 
livjiertp.^pl'.ied  :  an!  s-mietimes  in  the  outer  coats  of  arteries. 

*  Variations  in  the  Fibroid  Process. — In  all  theso  cas^s  there  :? 
iiicre:»se  of  tivrou^  ::s<iie ;  iV.^  chief  difleronces  consist  in  the  grtater 
'.■r  less  vascularity  ..f  il-.e  tissue  ti.ns  farmed.  When  tlie  tissue  I* 
v;ist-nlar.  as  ;:i  cirrfi-.^is  •.<?  the  livor.  tiiere  is  a  great  abundance >'»f 
Iv'.i'j-.vyti-s  •:•  r/.i-'U-:  in  :::•:•  t-ariy  "-raje.  and  much  fibr»>us  tissue  i* 
f'.-rtr.?;-!.  Su.-h  -i^^-ie  i>  esieci;i'."y  li.i'le  :•>  o-ntraction.  like  a  scar. 
3T'  i  :r. ly  ::.us  ;  r:-iioe.  by  ..'•.•xT.:>-s<i-:<ii  aiiil  distortii>n.  *et»ndarv 
c:. '.r.j-.*  :::  :;.v  ■>r.:.i!i».  W-.orv  tin- :.e»"  ::~sue  is  less  vascular  i a*  in 
*.•'.-:••.•«:>•:'  :.-.■  :ivrv-.-..>.:;:-v-  ::.t  r-.- ar'.-  tV^vr -."ells  in  the  earlv  sWt'e 
;i:.  [  '.vs  :.r-.v  ::><';-.■  :-  :'-':v.-  i.  Ti.v  i.v'*  tissu*\  iuore»*ver.  prvsenes 
:';.---  y  7  ;  •.■■::•.*  :' ::.v  •■'.'^i:..;"  :.t.::r.S-  •<  i^  r."'  ■ein:;har«l.  In  all  i-a-e* 
•.;^  ■..:..  ".  ::.v  '.  iVvT; 'l.y::.  i:  ■•>  :i<<.:v.  :.•:•':"  •':<  -r  glandular,  wastes  an-i 
l:>.vr  •  ..ir>.  A.,  r  i  :..;  :  -  ::>.•  :  i::.  '.■  ji-ts,  :he  process  in  the  fir«: 
oi-.  >  :.-.•  :"  ::.r.  :::.:..•.:  :;.  !:.  :'..vlrti-7!;  :.  Iv^th  are  here  con*iderei 
.i»  '■-  :.j:  ::::!:-.:.  i:  vy.  :;.  r^".  :':.-:  :::  ■  i-  -f  pr>iuction  is  different- 
r»  ■.:  :..r  ;:..:  r: .:.:  •:.  t.j:  :'  r  ::.-:  *:.: ;.:.:  I'J  :;  •:  <«•  much  to  know  bv  wLa; 
:.■.::■.  :'.:■/<'..  :'.'■.  '.  .  -v.'.-.  :.  i-  :  -r.  :-.-r>:.-r.  i  the  real  narare'of  tie 
."..■.•._•->  r.  :;-:  :..  ■.:.  ■  - -;  v.; :".  y  :  "v  : ;:;  i  i:'.;t:n:.il  p..nnr  of  the  r*!a- 
:.  :.  :'  :  ■>  •.:■•  ; ..  ■:  :  ■'■':■"  •■<■  '  •:  ir.jes  which  make  up  thf 
•7   .  >»     .    :'..  i-  I  •*■'    '.:.  r.   ■    . '.    ivj- ::■;  r-ir:  :i. 

Selati:=.s  of  Atrophy  and  Over^ow^h. — Now  there  are  three  p-sj- 
s.l".-/  r-r  .-.:.>     -r:-.*— ::   ::.->-:    :v*     tar:s     f  the  pp.vess.  or.  in  other 
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wordw,  three  hypotlieseti  are  possible  rei<pecting  llieso  relations;  either 
(1)  that  tlie  corriieclive-tissue  increase  is  the  primary  cimnge.  and 
causes,  by  pressure,  atrophy  of  the  special  parenchymatou.s  elements, 
or  ('J!)  that  both  are  concurrent  effeets  of  the  same  injury,  producing, 
as  before  explained,  simple  destruction  of  the  special  elements,  with 
hyperphistie  inflammation  of  the  connective  tissue,  or  (8)  the  atrophy 
of  the  special  elements  may  cause  plastic  inflammiition  or  increase  of 
the  connective  tissue.  It  is  often  assumed  that  the  first  is  the  only 
possible  explanation;  but  we  shall  have  occasion  to  see  that  each  of 
these  rasy  be  true,  and  that  some  kinds  of  fibroid  change  are  to  be  ex- 
plained in  one  way.  some  in  another, 

1.  The  first  is  assumed  to  be  the  regular  sequence  of  events,  for 
instance,  in  cirrhosis  of  the  liver.  The  alcoholic  poison  is  supposed  to 
act  directly  on  the  connective  tissue,  which  becomes  increii.«ed  and 
destroys  the  liver  cells  by  prc-sure.  It  is  quite  possible  that  this  is 
so,  though  positive  proof  is  wanting;  as  it  may  equally  he  the  case  that 
alcohol  poisons  and  destroys  the  liver  cells  directly.  The  same  expla- 
nation is  genernlly  adopted  in  the  case  of  the  granular  kirlney,  which 
is  thought  to  be  :i  change  starting  with  the  vessels  antl  connective 
ti.ssue.  There  is  also  a  disease  of  the  sjiinal  ciuil.  known  as  focal 
sclerosis  or  sclerotic  myelitis,  consisting  of  overgrowth  of  the  connec- 
tive tissue  and  atrophy  of  neivous  elements,  at  certain  definite  spoLs 
(not  to  he  confounded  with  disseminated  .sclerosis).  Here  the  distribu- 
tion of  the  di.sease  coiTcspon<ls  to  that  of  the  vessels,  not  of  the  nervous 
tracts,  so  that  there  is  no  difiiculty  in  supposing  that  the  connective- 
ti.*sue  overgrowth  is  the  primary  change,  and  the  cause  of  the  otlier 
lesions.  In  all  the  morbid  processes  above  described,  it  is  clear  that 
the  fibroid  change  is  essentially  a  chronic  inflammation. 

In  induration  following  venous  congestion,  it  is  clear  that  the  process 
begins  with  the  vessels,  and  next  aftects  the  connective  tissue. 

2.  The  connective-tissue  growth  and  wasting  of  other  elements  may 
be  concurrent  effect-s  of  the  same  poi-'iuu  or  injury.  This  appear*  to 
be  the  case  in  the  changes  of  the  kidney  produced  by  lead,  elsewhere 
descril)ed,  which  begin  with  parenchymatous  degeneration  and  end 
with  cirrhotic  or  sclerotic  induration.  It  is  probably  in  the  .same  way 
that  we  must  explain  the  change  called  fibroid  of  the  muscular  sub- 
stance of  the  heart — at  Ivast  in  some  cases,  When  the  rheumatic 
poison  afl'eets  tlie  heart  the  first  result,  !is  seen  when  death  occurs 
during  the  acute  disease,  is  chiefly  rapid  degeneration  of  the  muscular 
fibres;  but  a  later  result,  or  one  caused  by  chronic  disease,  is  increase 
of  the  connective  tissue  leading  to  fibroid  induration.  When  the 
fibroid  change  accompanies  hvpertrophy  without  evident  inflammation 
the  process  is  not  so  cjusily  explained,  and  no  complete  expliination  Ims 
been  given,  but  the  appeaninces  are  quite  consistent  with  chronic 
inflammation  produced  by  pressure.  That  is  to  say,  excessive  tension 
acts  upon  the  muscuhir  substance  so  as  to  produce  hypertrophy,  and 
upon  the  fibrous  tissue  so  as  to  produce  overgrowth,  just  as  in  the 
case  of  external  pressure  on  the  skin. 

3.  The  parenchymatous  degeneration  precedes  the  increase  of  con- 
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nective-tiasiie.  This  is  probably  often  the  case,  but  the  most  eon 
\ng  instances  of  the  process  are  to  be  fouml  in  chronic  diseases  of  tljc 
nerve-centres,  cs[)ecially  of  the  spitial  cord.  In  what  are  called  th« 
"  system -diseases"  of  the  cord,  the  morbid  change  is  limited  to  ccrtsio 
nervous  tracts.  Let  u.s  take  as  an  instance  the  motor  tract  |Mt*sinf 
from  the  motor  centres  in  the  braiii  to  the  gray  matter  of  the  cord, 
and  thence  tn  the  muscles.  If  (his  tract  be  completely  iiiterrupte«i 
at  any  point,  so  that  the  nerve-fibres  are  cut  off  from  their  ceiitnl 
connections,  they  undergo  (as  stated  above)  degeneration  ending  :ft 
atrophy.  This  is  the  ca^e  both  in  the  nerves  and  in  the  conducting 
fibres  of  the  cord  forming  the  lateral  columns,  etc.  The  same  change 
in  the  conducting  fibres  uiay  occur  without  any  obvious  lesion  of  th* 
central  coruiections,  so  that  it  jippears  spontaneous  or  idiopathic. 
Accompanying  this  nerve-degencnttion  there  is  generally,  in  a  greatrr 
or  less  degree,  overgrowth  of  the  connective  tissue  around  or  4iQ)on|; 
the  nerve-fibres.  In  the  conducting  tracts  of  the  cord  this  is  a  diffuse 
change  called  sclerosis.  In  peripheral  nerves  it  appears  as  an  inirre*.** 
of  the  nerve-sheatlii^i  (perineurium  or  endoneurium),  and  is  soraewh.it 
inconsistently  regarded  as  an  inflammation,  and  called  by  a  differeut 
name,  sucli  as  prrineurilis. 

By  histological  examination  alone  it  would  be  diflRcult  to  say  whieh 
of  the  two  changes  comes  first.  But  clinical  evidence,  which  her«  b 
much  more  important,  proves  beyond  a  donbt  that,  in  some  caaesit 
least,  tlie  degeneration  of  the  nerve-fibres  is  the  ]>rimary,  and  the  coo- 
nective-tissue  growth  a  secondary  change.  For  instance,  in  the  »v 
called  secondary  degenerations,  where  the  conductive  tracts  are  aJTected 
by  destruction  of  the  ganglionic  tissue  with  which  they  are  connt<cted, 
it  is  clear  that  a  break  of  communication  can  only  at  first  affect  these 
fibres,  and  cannot  cause  any  direct  injury  to  the  connective- tissue. 
We  are  therefore  justified  in  saying  that  the  connective-tissue  changw 
are  consecutive  to  the  nervi.--changes,  and  in  fact  cause<l  by  theiii.  Bj_ 
anah)gy  it  may  be  inferred  that  the  aeciucnce  is  the  same  in  th^^H 
called  idiopatliic  forms  uf  sclerosis,  i.  t\,  lateral  sclero.^is.  posteoilH 
sclerosis  (tabes  dorealSs),  and  others.  But  it  ia  not  necessary  to  go 
into  this  question,  because  the  one  instance  is  enough  to  pt^ove  our 
point. 

If  we  ask.  How  does  atrophy  of  (he  nerve-fibres  cause  increa.<te  of 
connective-tissue  't  we  enter  on  a  difficult  ^piestion.  But  it  should  first 
be  remembered  that,  as  pointed  out  before,  all  elements  of  the  1m>Jt 
are  so  closely  packed  that  removal  of  one  part  lessens  the  rwisM- 
ance  pressing  on  the  other,  and  hence  favors  overgrowth  of  tJwwie 
•which  remain.  The  influence  of  this  cause  may  or  may  not  he  c«jd- 
siderable.  But,  in  the  .second  jilace,  the  nerve-filires  in  the  case  unp- 
posed  are  essentially  de;id  ;  and  a  dead  part  in  the  tissue  produress  tiie 
effect  of  a  foreign  body,  that  is,  it  sets  up  inflammation  in  the  pnrt» 
around.  The  inflamed  zone  round  a  gangrenous  mass,  the  fihrous 
tissue  growth  round  an  embolic  block,  or  a  necrotic  mass  of  tubeic40, 
and  many  other  instances,  will  occur  to  the  memory.  From  another 
point  of  view,  we  may  say  that  the  tissues  deal  with  dead  matter  b 
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with  a  foreign  IjoJy  ;  tliey  rorin  filiroua  tissue  aroutnJ  it  and  ennipsu- 
late  it.  Ill  this  way  does  the  connective-tissue  appear  to  deal  with 
the  dead  nerve-fibres;  it  tends  to  funn  »  barrier  of  fibrous  tissue 
around  them.  At  the  same  time  the  fibrous  tissue  may  .ilso  huve  an 
iibsorhent  function  ;  and  be.  as  some  think,  the  means  of  gradually 
removing  the  necrotic  parts  (see  p.  143). 

If  in  this  cjise  it  is  proved  that  degeneration  of  parenehymntous 
elenunts  ieads  to  sclerosis  or  fibrous  hypierplasia,  it  is  clear  thut  this 
muy  possibly  be  the  process  in  other  cases  whete  the  proof  is  not 
complete.  For  instance,  it  may  explain  the  fibroid  degeneration  of 
organs  which  undergo  spontfinetms  wasting,  such  as  the  thyroicl  and 
supra-reuals,  and  may  in  some  cases  explain  cirrhotic  changes  in  the 
kidney. 

It  is  not  necessary  to  pursue  the  subject  further;  it  will  he  enough 
to  have  shown  that  wasting  of  parenchymatous  elements  may  be  a 
cause,  and  not  merely  a  consequence,  of  connective-tissue  overgrowth. 
Whether  this  overgrowth  is  to  be  called  iiiflamtnation  or  simple 
hy]ierplasia,  is  a  question  of  secondary  importance.  This  does  not, 
however,  exclude  the  possibility  that  the  overgrowth  thus  set  up  may, 
as  often  happens,  become  excessive,  and  thus  become,  in  its  turn,  a 
cause  of  injury  by  pressure  to  the  parenchymatous  elements. 

Summary  of  Fibroid  Beg^eneration. — Fibroid  degeneration  consists 
essentially  in  the  replacement  of  the  normal  tissue  of  an  organ, 
wholly  or  partially,  by  fibrous  tissue,  and  is  thus  more  correctly  culled 
a  substitution.  It  is  only  a  degeneration,  inasmuch  as  the  new  ti.s9ue 
is  considered  inferior  to  the  oritiinal.  It  consists  of  a  combination  of 
two  processes — increase  of  connective  tis.sue,  and  wasting  of  the 
sjiecial  or  jiarenchymatous  elements.  Either  of  these  processes  may 
jirecede  and  cause  the  other,  or  they  may  be  concurrent.  In  the 
chronic  diseases  called  by  this  name,  the  two  changes  do  actually  pro- 
ceed simultuneousiy,  although  one  of  them  may  have  preceded  and 
caused  the  other. 


CHAPTER    XVI. 

HYPERTROPHY. 

This  word,  which  properly  means  over-feeding  or  over-nourishment, 
is  used  to  signify  overgrowth  either  of  the  whole  body  or  of  a  part 
Since  overgrowth  is  generally  shown  by  enlargement,  an  enlarged 
body  or  organ  is  sometimes  loosely  said  to  be  hypertrophied.  But  it 
is  important  to  distinguish  true  overgrowth  from  enlargement,  which 
may  be  due  to  some  additional  substance  deposited,  or  to  increase  of 
one  constituent  only  of  the  part  aifected  or  to  mere  dilatation. 

Thus,  fat  deposited  in  organs  may  produce  a  false  appearance 
of  hypertrophy,  while. the  organ  is  really  wasted.  This  is  seen  in 
fatty  liver  and  in  the  condition  called  pseudo-hypertrophic  paralysis 
of  the  muscles,  when  fat  accumulates  between  the  muscular  fibres 
(Duchenne's  paralysis).  Similarly,  great  corpulence,  such  as  that  d 
overfed  animals,  is  not  a  true  hypertrophy  of  the  whole  body,  since  it 
affects  one  tissue,  the  adipose,  only.  Any  organ  may  appear  to  be 
enormously  enlarged  by  the  growth  of  a  tumor,  a  cancer,  or  a  hydatid 
cyst  within  it,  when  the  organ  is  really  wasted. 

Hollow  organs  appear  hypertrophied  when  they  are  dilated,  as  the 
brain  in  hydrocephalus,  when,  in  spite  of  the  great  apparent  size,  the 
brain-substance  is  much  attenuated.  A  dilated  heart  may  have  very 
thin  walls,  though  it  appear  large,  and  the  excessive  distention  of  the 
lungs  called  emphysema  is  sometimes  accompanied  by  actual  wasting 
of  the  lung-tissue. 

Hypertrophy  may  be  general,  affecting  the  whole  body,  or  loealy 
affecting  one  limb,  one  organ,  or  one  tissue. 

General  hypertrophy  is  a  remarkable  physiological  phenomenon, 
but  of  little  practical  importance.  It  is  seen  in  the  production  of  the 
abnormal  individuals  called  (jiants. 

Giants  are  usually  born  of  parents  of  normal  size,  and  very  rarely 
more  than  one  such  individual  occurs  in  a  family.  They  are  usually 
of  weak  constitution,  of  intellectual  capacity  below  the  average,  want- 
ing in  energy,  and  possessing  feeble  reproductive  powers.  Perhaps 
for  the  latter  cause  the  condition  is  in  its  most  conspicuous  forms  not 
hereditary. 

Little  can  be  said  of  the  causes  which  produce  giants.  Since  the 
tendency  to  overgrowth  begins  in  early  life  it  would  appear  to  be  due 
to  some  unknown  developmental  stimulus,  like  those  which  give  rise 
to  sports  and  vai-ieties.  Nutrition  appears  to  have  little  or  nothing 
to  do  with  it.  The  only  notable  fact  is  that  giants  generally  appear 
among  races  of  men  where  tall  individuals  are  common.  But  a  rela- 
tively gigantic  individual  might  appear  among  a  very  small  race  who 


leasured  r.iv  ihe  average  stature 
ntankind. 

The  iiiime  maero^oinathi  is  jiiven  to  a  contlition  of  general  enhirge- 
uient  of  the  wliole  bodj  different  froui  that  of  giants  in  all'ecting  all 
dimensions  equally.  It  bus  been  observed  to  be  congenital  or  to  come 
un  in  t'iirly  life. 

Partial  or  Local  Hypertrophy. — This  occurs  in  two  forms,  either 
as  (1)  Hypertrophy  of  Development;  or  (2)  Aequin-d  Hypertrophy. 
Develojinient  liypertrophy  is  an  excessive  increase  in  size  of  any  jiart 
of  the  body,  tiiking  place  during  tlie  period  of  natural  growth,  either 
in  intra-Htei'ine  or  rxtra,-titenue  life.  This  increase  begins,  in  most 
cases  at  least,  soon  after  birth  if  not  in  the  f<t'tal  state,  and  hence  may 
generally  he  called  congenital ;  but  there  are  cases  of  siwitur  alinor- 
uial  development  occtn-ring  in  adult  life  when  growth  is  at  an  i-nd. 
When  such  increase  begins,  the  affected  part  will  grow  till  it  readies 
a  size  far  beyond  the  normal  as  uieasured  by  tlje  corresponding  part  on 
the  other  side  of  the  body.  The  change  has  been  seen  to  affect  the 
whole  of  one  svXo  of  the  body,  constituting  the  coixlition  called  hemi- 
liy])ertro]»by,  of  which  several  insUinces  have  lieen  recorded.  In 
theory  it  might  seem  difficult  to  distinguisli  this  from  the  condition  of 
heti/itttrophy,  in  which  the  smaller  side  of  the  body  is  the  abnormal 
one,  since  in  either  ease  ine(jual)ty  of  ttie  two  sides  of  the  body  is  the 
main  feiiture.  But,  generally  speaking,  either  some  evidence  of  mor- 
bid wasting  on  the  smaller  side  or  some  over-vascularity  and  increase 
of  temperature  on  tlie  larger  side,  will  be  present  to  show  that  in  the 
former  case  ittrophy,  in  the  latter  hypertrophy,  has  produced  the 
inecjnrdity.  lleini-hyprrtropby  is,  however,  much  rarer  than  hemi- 
atrophy. In  some  canes  the  two  limbs  of  one  side  have  taken  on  a 
giant  growth.  In  oth<'rs  nne  limb  only  has  been  affected,  especially 
the  leg,  and  in  other  cases  one  side  of  the  head,  when  the  tongue,  the 
hair,  and  all  tissues  participate  in  the  enlargement.  Sometimes  cer- 
tain fingers  are  hypertrophied,  either  on  one  side  only,  or  (as  in  Curl- 
ing's caae)  soine  fingers  of  each  hand  almost  symmetrically. 

Parts  thus  hypertrophied  are  fuller  of  blood  than  normal  parts, 
and  have  a  higher  temperature.  The  cause  of  such  overgrowth  is, 
however,  quite  unexplained,  though  it  may  plausibly  be  supposed 
that  the  original  starting-point  of  the  change  is  in  the  nervous  system. 

Acquired  Hypertrophies,  occurring  in  the  adult  body,  may  be 
generally  referred  to  some  tiefiiiitc  cause;  but  there  is  a  certain  class 
which  must  be  called  physiological,  as  not  resulting  from  any  disease 
or  injurious  influence. 

Physiologicid  hypertrophy  is  displayed  in  the  most  typical  form  in 
the  enlargement  of  the  uterus  which  follows  impregnation.  Here 
simultaneously  with  the  growth  of  ihe  fertilized  ovum,  an  enlargement 
of  all  parts  of  the  organ  occurs,  which,  though  it  is  accompanied  hy  an 
increased  determination  of  blood  to  the  part,  cannot  be  regarded  as 
caused  by  that  alone,  but  must  be  the  result  of  a  definite  physiolog- 
ical stimulus.  The  overgrowth  begins  with  the  mucous  membrane, 
which  becomes  thicker  and  more  vascular ;  it  extends  to  the  glande, 
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the  musfular  walls,  Ijlond vessels,  ami  every  purt  of  the  organ,  whici 
reaches  a  weight  twentv-l'iiur  times  tiiat  of  the  unimpregTiateil  uteni*. 
It  might  be  thought  that  the  weight  of  the  f<i.»tu.s,  acting  noecbu- 
ically,  has  a  tendency  to  cause  miiscuhir  hypertrophy  of  the  uteriw 
walls  (in  a  itianner  to  be  pres^etilly  exphiined) ;  but  that  this  cannot  Iw 
the  true  ex|)huiiition  is  shown  by  the  remarkable  fact  that  the  inuwolir 
uterine  tmnor-s,  composed  of  the  satne  tissue  as  the  uterus,  also  become 
enhirged  during  pregnancy,  and  ]>erhaps  diminigh  again  with  tlx 
involutioji  of  the  organ. 

Enliirgeiiient  of  the  mamma?  arises  in  the  sjune  manner  from  nhu 
may  he  called  physiological  stimulus,  eonuected  with  uterine  derelop" 
inent;  and  some  cases  of  a  spontaneous  cnhirgement  of  the  tli>Tni«l 
have  probably  an  obscure  connection  with  the  developroeni  of  th« 
sexual  organs. 

Enlargement  of  the  prostate  in  old  men  is  also,  so  far  as  wecatiice. 
a  spont^meous  hypertrojiliy,  whieh,  though  it  is  the  cause  of  diseue. 
c-annni  be  referred  to  uny  morbid  iuHtienco. 

Otiver  forms  of  ae(piired  hy|>ertruphy  may  be  traced  to  the  foUoviag 
causes : 

a.  Increased  supplies  of  nourishment. 

b.  Increased  functional  activity. 
r.  Pressure. 

d.  Inflammation. 

a.  Increased  Supplies  of  Nourishment. — To  supply  more  food, 
that  is,  more  bJood  tn  any  part  of  the  body,  does  not  necessarilv  c»wf 
overgrowth  of  that  part.  A  clear  in.>stnnce  of  this  law  ia  seen  in  tbr 
results  of  experimental  hyperiemia,  such  as  is  produced  bj  rafio-notor 
paralysis.  In  the  very  numerous  experiments,  for  instance,  on  SMti«Q 
of  the  cervical  .sympathetic,  overgrowth  is  not  generally  observnd. 
though  there  has  been,  in  some  instances,  enlargement  of  the  bone*. 
muscles,  etc..  of  the  part.  The  few  pathological  cases  of  a  similar  lestnn 
in  man  have  shown,  so  far  as  1  am  aware,  in  no  case  hjpertrophr. 
The  absence  of  growth  may  partly  be  explained  hy  the  fact  tliai 
experimental  hyperjemia  thus  produced  is  not  j»ermanent,  lastin*',  m  t 
rule,  only  from  fifteen  to  twenty  days,  even  when  the  destruction  »f 
the  nerve  is  complete.  In  those  cases  in  whieh  hypertrophy  lm»  hcrtk 
ob.served,  the  subjects  appear  to  have  heeii  chiefly  young  and  growing 
Huimals. 

In  man,  also,  paralytic  hyperiemia  may  exist  for  a  long  lime  wilk- 
out  prnducing  hypertrophy,  as  is  seen  in  the  flushing  of  the  face  pro- 
duced by  gastric  or  uterine  derangements,  wliich  does  not  necesMrilv 
lead  to  thickening  of  the  skin.  But  if  there  be  an  addition,  tsotne  in- 
flammation or  excessive  activity  of  tlie  glands,  there  may  result  gr«t 
overgrowth  of  the  tissues  of  the  nose  and  cheeks,  producing  the  txcte- 
sive  development  of  some  forms  of  acrm  rosacea. 

The  most  distinct  instance  of  overgrowth  from  pure  hvpeneniaw 
seen  in  the  formation  of  the  corpus  luteun^  of  pregnimcy,  a*  dt^ttingutiM 
from  the  ordinary  menstrual  scar.  The  scar  left  by  the  escape  of  an  ovwi 
from  the  ovary  is  the  same  whether  the  ovum  be  subBequeutly  iinprtf^ 


nated  or  not.  But  if  it  he  iinpifgtiatcil  there  Js  nii  excessive  afflux  of 
blood  to  llic  itterus  ami  its  iip[ifiidagfn  :  i^iinl  tliis  it  ivouM  seem  to  be 
wliifli  iletermiites  tlie  produrtiun  of  tlie  coinpliaiU'tl  structure  calleil 
the  true  corfnis  luteuiu.  Tlie  sarae  structure  Laa  been  seeti  in  rare 
cflscs  witliout  pregiiuncv,  when  thure  has  been  some  special  determina- 
tion of  bloD<l  to  the  scxua!  nrfiutis. 

(>.  Increaded  functional  activity  is  the  most  potent  cause  of  hii-per- 
trophv  in  all  ur^^aris  which  luive  an  active  function,  as  is  very  obvious 
in  tlie  voluntary  umsclcs.  In  order  that  this  should  be  (he  case,  the 
exercise  must  be  vigorous,  but  not  excessive,  and  not  too  long  con- 
tinued without  rest;  anil,  above  all,  the  general  nutrition  of  the  body 
must  be  good.  A  starved  man  who  exercises  his  muscles  will  only 
cause  them  to  waste  more  rapidly. 

The  explanation  of  this  jirucoss  is  not  quite  ciwir ;  hut  it  would 
seem  to  depen<l  essentially  upon  the  more  abundant  supply  of  blond 
to  working  musck-fii,  and  especially  to  those  working  at  high  tension. 
The  food  raalerial  sujiplied  by  the  blood  is  then,  it  must  be  supposed, 
not  quite  all  u>ed  up  in  the  production  of  mechanical  force,  but  a 
small  surplus  is  left  over  for  nutrition. 

The  original  stimuttis  in  voluntary  muscles  it*  iheTi  (he  nerve-cur- 
rent which  produces  contraction.  The  case  of  the  heart  is  the  same 
as  that  of  a  voluntary  ujuscle  if  we  assume  the  existence  of  a  atimulus 
producing  contraction  of  variable  intensity. 

The  heart  undergoes  by|)ertrophy  whenever  it  is  made  to  work  for 
a  long  time  at  higher  tension  than  the  norma].  It  works  at  Iiigher 
tension  whenever  there  is  increased  resistjince  to  tlie  flow  of  blood 
through  the  arteries,  either  from  obstruction  at  the  orifices  of  the  heart 
(stenosis  of  the  valves),  or  changes  in  the  arteries,  such  us  rigidity  and 
contraction  of  the  muscular  coals;  or  from  any  physical  condition 
which  altei's  the  relation  of  the  blood  to  the  capillaries,  and  thus  in- 
creases friction  in  these  ves.sels,  As  a  consequence  of  these  conditions 
it  is  found  that  each  individual  coutractiun  of  the  heart  is  more  power- 
ful, arul  the  organ  passes  into  the  condition  of  a  voluntary  muscle 
which  is  forcibly  exorci.sed. 

It  is  nut  perfectly  clear  how  the  higher  tension  causes  a  more 
powerful  contraction  of  the  heart,  but  two  cau.ses  will  evidently  come 
into  pbty. 

Fbiid  pressure  on  the  inner  surfiice  of  the  ventricles  is  one  of  the 
causes  producing  contraction  of  tliose  cavities.  (The  heart  will  beat 
when  it  is  empty,  but  feebly.)  Therefore,  the  higher  the  internal 
pressure  the  more  powerful  the  contraction.  Moreover,  higher  tension 
in  the  aorta  must  cause  a  more  copious  flow  of  blood  into  the  coronary 
arteries.  For  even  supposing  that  there  were  in  these  (what  is  not 
certain)  a  high  degree  of  tone,  it  would  not  counterbalance  the  rela- 
tively high  pressure  which  is  constantly  present  in  the  first  [lartof  the 
aorta. 

Again,  after  the  closure  of  the  aortic  valves,  the  pressure  in  the 
aorta  is  in  such  cases  still  very  high;  consequently  the  flow  into  the 
coronary  arteries  will  be  kept  up  during  diastole.     The  result  of  these 
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arranrjetneiita  is  tbat  the  heart  will  receive  more  blood,  and  be  betKr 
nourished  when  the  arterial  tension  ishi^h.  The  two  factors,  incr«»l 
work  and  abuudajit  nourishmeut,  being  combined,  vre  see  how  llit 
heart,  when  the  resistance  is  increased,  is  in  the  same  case  aa  a  Tolas- 
tary  muscle  forcibly  exercised,  aud  thus  undergoes  hypertrophy. 

ilyportrophy  of  the  left  v»?ntricle  of  the  heart  is  also  generally  nrt 
with  in  cases  of  chronic  kidney-disease,  though  in  what  wiij  it  is  pri^ 
duced  is  still  a  matter  of  dispute.  The  probability  is,  however,  that  it 
is  caused  by  the  thickening  of  the  mtiscular  coats  of  the  arteries  whiek 
accompanies  the  kidney  disease,  this  being  both  a  c»use  and  eotjae- 
quence  of  increased  arterial  tension  (»<•<?  Chapter  VIII.), 

Hypertrophy  of  the  right  ventricle  occurs  when  there  is  undoe 
resistance  to  the  passage  of  blood  through  the  lungH,  tiiider  the  tame 
conditions  as  on  the  left  side. 

Uypertrophy  of  smooth  or  involuntary  muscular  fibre  also  takes 
place  whenever  that  tissue  contract;}  under  higher  tension  than  normlL 
This  is  very  obvious  in  the  case  of  the  bhidder.  When  there  ia  mt 
ohstjicle  to  the  passage  of  urine,  and  conserjiiently  it  is  discbargtii 
under  great  pressure,  the  whUs  become  much  thickened.  In  the  same 
way,  the  walls  of  the  stomiich,  the  oesophagus,  and  the  intestines  mtr 
become  hypertrophied  above  any  point  where  there  is  obstructioa. 
The  muscular  walls  of  the  arteries,  especially  the  smaller  ones.  Wf 
very  liable  to  hypertrophy;  which  appears  to  be  connected  with  t 
chronic  couJitiou  of  high  iirtcrial  blood-pressure,  but  the  predM 
sequence  of  events  producing  it  is  not  yet  clear. 

Arterio-cardiac  Hypertrophy. — The  most  probable  explanation  n^ 
however,  a.s  folh>ws:  When  high  blood- pres-sure  ia  caused,  even  tnui- 
sitorily,  by  some  functional  variation — it  may  be  a  change  in  tht 
composition  of  the  blood,  produced  by  excessive  food  or  deficicol 
e,xcretion  ;  it  may  be  a  disturbance  uf  the  nerve-centres — the  niDm;aUr 
walls  of  the  whole  arterial  system  (including  the  wall  of  the  left  ven- 
tricle of  the  heart)  are  subjected  to  increaseil  strain.  If  this  strain  be 
often  repeated  or  become  continuous,  the  muscular  structures  become 
hypertrophied.  But  this  hypertrophy,  wlien  once  established,  is  it*ell 
a  cause  of  heightened  blood-pressure,  especially  througli  the  relation 
of  opposition,  formerly  pointed  out,  between  the  contr.'iction  of  the 
smaller  arteries  and  the  heart.  Hence  the  high  blood -jireaaure  ajid 
the  accompanying  hypertrophy  tend  to  perpetuate  themselves. 

The  most  frerjuent  cause  of  this  arterio-cardiac  hypertrophy  i*  no 
doubt  disease  of  the  kidneys,  a-s  inentioned  above;  but  it  may  ariM 
without  kidney  disease,  and  may  po.<isibty,  as  some  think,  be  a  cause  «f 
the  morbid  changes  in  that  organ. 

(rlandular  organs  may,  but  do  not  so  constantly  become  hvpertTD- 
phied  from  increased  use.  When  one  kidney  is  extirpated  or  destroTed« 
the  other  umJergoes  hypertrophy,  having  to  do  double  work.  In 
diabetes,  the  kidneys  are  generally  enlarged. 

There  is  no  real  evidence  tliat  nervous  structures  undergo  hyper- 
trophy in  constxjuence  of  increased  work,  though  it  has  been  supposeii 
that  the  brain  increases  in  size  through  mental  activity. 
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r.  Hypertrophy  from  Pressure  or  friction  obviously  occurs  only  in 
organs  ;vlinst'  t'unctidris  are  passive,  such  as  tin*  skin  and  the  serous 
covering  of  the  viscera.  The  pressure  must  be  intermittent  and  not 
excessive,  since  continuous  or  excessive  pressure  tends  rather  to  pro- 
duce atrophy  or  necrosis,  by  obstructing  the  circulation.  Instances 
are — tJiickening  of  the  skin  where  pressed  upon,  and  the  production 
of  white  pntches  (milk  spots)  on  the  pericardial  covering  of  the  heart 
at  tlio  spots  wfiere  friction  (><;cui*s. 

d.  Inflammation,  wlien  long  continued,  often  causes  the  enlarge- 
ment of  various  organs  and  parts,  and  may  thu3  be  regjirdeil  as  a 
cause  of  hypertrophy  :  hut  it  gencnilly,  if  not  always,  affects  one 
tissue  especially,,  viz.,  the  connective  tis.-jue.  Thus  we  have  thicken- 
ing of  the  pleura,  pericardium,  dura  m:iter,  etc.,  from  chronic  or 
repeated  inflammation;  and  thickening  of  the  skin  from  chronic 
eczema.  Inflammation  of  the  periosteum  may  produce  permanent 
enlargement  of  a  hone.  In  general,  acute  inflammations  do  not  cause 
hvfiertropliy. 

Process  of  Hypertrophy. — Enlargement  of  an  organ  may  he  con- 
ceived of  as  taking  place  either  by  the  inrrease  in  some  of  the  exist- 
ing cells  amJ  other  elements,  or  by  the  addition  "»f  new  ones.  There 
can  he  no  doubt  that  tlie  latter  process  i.'*  the  most  powerful  factor 
in  hypertrophy ;  hut  increa.se  iu  the  size  of  the  elements  also  often 
occurs.  Thus  in  the  pregnant  uterus,  muscle  fibres  have  been  found 
seven  to  eleven  times  the  normal  longtli,  and  from  twice  to  seven 
times  the  normal  width.  In  hypertrojihy  of  the  heart  the  [uimitive 
muscular  butidles  are  found  to  be  enlarged.  In  hypertrophy  of  con- 
nective tissue  the  fibres  are  usually  much  thicker  than  normal.  In  a 
kidney  which  lias  become  enlarged  in  con«ecpience  of  the  loss  of  its 
fellow,  the  tubules  and  Malpii;hian  bodies  are  found  increased  in  size. 

Hyperplasia  or  Numerical  Hypertrophy. — Increase  in  nuud>er  of 
the  tisNiU'  etcttu'tits  is  lln'rcfure  always  picsi'tit  in,  arid  is  the  chief 
cause  of  hypertro))hy.  This  process  is  called  hifperplaitia.  It  luis 
au  importance  wliicb  goes  beyond  its  mere  relations  to  Jiypertrophy, 
since  it  is  a  part  of  the  process  of  jnllammation  and  also  the  first 
stage  in  the  formation  uf  many  tumors  or  new-growths.  Hence 
hyperplasia  docs  not  uecessardy  lead  to  hy|jertrophy  strictly  so-calle<l. 


CHAPTER  XVII. 

LAWS  OF  NEW  GROWTH  IN  GENERAL. 

By  new-growth  we  understand  the  formation  of  new  cells  or  other 
elements,  by  which  is  effected  either  the  replacement  of  lost  parts  or 
elements  of  the  body,  or  else  the  production  of  a  new  part. 

It  is  by  the  formation  of  new  cells  that  all  parts  of  the  body  tn 
built  up  during  the  process  of  normal  growth,  from  the  segmentatioo 
of  the  impregnated  ovum  till  the  formation  of  the  perfect  individual: 
but  with  normal  growth  we  are  not  here  concerned  except  so  fiur  as  it 
illustrates  pathological  processes. 

All  growth  starts  from  the  cell.  By  a  cell  we  understand  a  mag$ 
of  living  protoplasm  with  one  nucleus  or  more,  which  may,  in  some 
cases,  by  soflening  of  portions  of  its  substance,  by  the  absorption  of 
other  material  or  by  the  hardening  of  jts  external  parts,  become  a 
hollow  structure,  more  resembling  a  vegetable  cell,  and  corresponding 
to  the  etymology  of  the  word  (from  the  ''cells"  of  a  honeycomb). 

Increase  in  number  of  cells  takes  place  essentially  only  in  one  way, 
viz.,  by  division  of  the  original  cell-mass  into  two ;  but,  in  conse- 
quence of  variations  in  this  process,  it  receives  under  different  cir- 
cumstances different  names. 

Another  method,  that  of  endogenous  gemmation,  in  which  voung 
cells  are  formed  in  the  interior  of  a  mother-cell,  has  also  been  de- 
scribed ;  but  the  interpretation  of  the  appearances  thu.s  explained  is 
not  free  from  ambiguity. 

Division  of  the  nucleus  generally,  if  not  always,  precedes  division 
of  the  protoplasm. 

The  nucleus  appears  in  some  cases  to  divide  by  simple  cleavage, 
which  is  followed  by  division  of  the  protoplasm.  In  consequence,  we 
may  sometimes  see  cells  with  two  nuclei  pressed  closely  together,  or 
two  cells  formed  by  the  division  of  one,  having  their  nuclei  attached 
to  the  adjacent  surfaces,  which  show  where  the  division  of  cell  and 
nucleus  has  taken  place  {see  Fig.  16),  and  other  forms  which  seem  to 
show  that  nucleus  and  cell  have  divided  in  the  same  manner. 

Indirect  Division. — The  latter  method,  te.med  direct  division  of 
the  nucleus,  was  till  lately  thought  to  be  the  only  method.  In  em- 
bryonic cells,  examined  in  the  living  state,  and  in  some  forms  of  celk 
in  the  adult  organism,  however,  tlie  division  of  the  nucleus  is  found 
to  be  a  much  more  complicated  process  which  is  called  indirect  divi- 
sion or  karvokinesis  (movement  of  the  nucleus),  because  certain 
movements  in  the  components  of  the  nucleus  precede  its  division. 
The  process  is  a  rapid  one,  i.  e.,  it  occurs  in  times  measured  bv 
minutes  or  even  seconds.  It  can  therefore  only  be  traced  in  living  tissaei 
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or  in  tlioso  just  removed  fi'om  the  living  body.  It  does  not  ai>peiir  to 
lie  imiiiediati'lj  arrt'sted  by  sonnitic  death  ;  hence  in  ordinary  pust- 
uiortem  examination  of  tisj<ues  the  process  will  Lave  run  its  course 
und  come  to  its  natural  termination.  We  do  not,  therefore,  in  this 
case  .see  the  process,  but  only  the  final  result  of  the  process.  Its 
stages  may  be  seen  in  tissues  just  reuntvfd  from  the  living  body,  by 
hardening  as  Jitiickly  as  possible,  and  staining  by  special  methods. 

Thus  it  is  possible  that  tlie  appearances  regarilcd  ils  indicating 
direct  division  may  really  be  the  rt'Hults  of  the  indirect  nic tliod ;  and 
some  have  argued  ttiat  the  division  of  nnclei  always  takes  place  by 
the  indirect  luethoil.  This  conclusion  is  not  demonstrated,  but  cannot 
be  disproved,  since  direct  division  of  the  nucleus  has  never  been  posi- 
tively observed  in  the  living  cell. 

While  division  of  tlie  nucleus  is  probably  always  tlie  fii^st  visible 
step  in  cell-division^  there  are  doubtless  changes  in  the  protoplasm 
which  accompany  or  possibly  even  precede  it ;  but  these  are  less 
known  than  the  changes  of  the  nucleus. 

Division  of  the  nucleus  is  not  always  followed  immediately  by  divi- 
sion of  the  protoplasm ;  hence  we  may  have  cells  containing  two  or 
several  nuclei.     The  latter  are  called  myeloid  or  giant  cells. 

The  process  of  production  of  new  cells  is  called  cU-mukiplication 
or  cell-proliferation^  the  latter  term,  though  of  doubtful  etymology, 
being  that  most  commonly  used. 


/) 


.1. 1-. 


JC.'tryiikiiit^lii.'  fi(j[iirei»  (afler  Klkmminij). 
riiiTiL'-riiriii  (if  iincleiis  ;    B,  eoW-form  :    C,  alur-foriii  {Aster);    /),  polar  division. 


willt  furmiitiim   nf  ii|iiHt4>rial   jiliitc;   /?,  stjir-lViriii  nf  <luii|{hl<>r-iMiflei ;  /*,  or>il-form  of 
lliu  Mime:   fi,  reHlinn-litrin  nf  fi)»r  .<uiriie,  witli  roinjilctp  ilivicitin  of  cell. 


It  was  at  one  time  thought  that  cells  were  produced  in  an  amor- 
phous materJal,  or  bla-^itema,  by  "fi-ce  celbfoimation,"  but  of  this  there 
is  no  evidence.     So  far  as  is  known,  all  new  cells  in  the  b("dv  are 
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forraiMl  from   preexistent  cells,  a  law  which    has   been   formulated  bt 
Vircluiw  in  t!)e  phrase  (Hnnia  cellula  «'  ceUuhl. 

Karyokinesis  or  Karyomitoais.' — Tlie  chancfes  successively  olwen-w! 
in  the  uucleus  when  a  cell  is  iliviiliti;^  bv  this  process  are  seen  in 
Fi^.  36. 

The  nucleus  of  a  cell,  which  was  forraerlv  regarded  jus  a  very  »ini- 
pie  .structure,  has  by  recent  researches  been  shown  to  he  verv  complex, 
being  compv>?<^tl!  of  a  liraitinj;  meuibrane  and  contents.  The  lattrr, 
again,  is  found  to  be  made  of  two  subsUincea — ati  appartoitly  houu>- 
geneous  basis  substance  called  the  nuclear  juice,  and  a  denser,  more 
highly  refracting  material,  consisting  of  corpuscles  or  nucleoli  anJ 
threads.  The  niideoli  are  visible  without  any  prepamlioti ;  ihff 
threads  are  best  seen  when  stained  with  some  colorin^j:  uiittter  such  a* 
carmine  or,  still  better,  aniline  dyes.  The  nuclear  juice  does  not  taie 
any  dye.  The  threads  are  usually  arranged  in  a  sort  of  network, 
Aviiich,  when  at  rest,  has  the  appearance  shown  in  A.  When  :)■ 
nucleus  is  about  to  divide,  the  first  step,  according  to  Fleniniiop.  - 
that  the  membrane  and  the  nucleoli  disappear,  while  the  th^end^i  brcami 
more  distinct,  and  slmw  rapid  movcJnent.  They  then  take  the  fonu 
of  a  cnif  nr  wreath  (li),  which  may  vary  in  arraiigetneiit,  but  usualU 
takes  the  shape  of  loops  ivith  their  convexity  outward,  while  the  cen- 
tre of  the  nucleus  is  less  thickly  covered.  The  next  fonii  is  one  in 
which  there  is  a  concentration  of  threads  toward  tlie  middle,  whil*- 
their  free  extreioitics  are  directed  outward  so  as  to  form  open  hwf*. 
This  is  the  sfitri'imn  or  oster  (0).  The  threa<is  then  split  up,  fun»- 
ing  a  star  witli  finer  rays,  and  then  begins  a  process  of  polarization. 
The  8tai"s  begin  to  withdraw  toward  the  two  ends  of  the  nucleus, 
while  a  sort  of  transverse  partition,  equatorial  plate^  is  formed  iu:to» 
the  middle.  />  shows  this  process  beginning.  In  £  we  have  tlK 
polarization  further  developed,  with  commencing  division.  The  iwt 
separate  cnils  are  beginning  to  form  two  daughter-nuclei,  and  irr 
only  cuiuiecteil  by  faint  threads.  In  the  next  stage  {f)  two  •' 
daughter-nuclei,  showing  the  coiY-form  (like  Ji)  are  completely  .-m^j.*- 
rated  by  protophism,  which  shows  commencing  constriction.  *  In  <? 
the  division  of  the  cell  is  complete,  the  daughter-nuclei  having 
assumeil  the  resting  state  (like  A)  and  each  being  surrounded  hf  t 
membrane. 

The  transformation  abowr  described  shows  some  varintions,  but  pnv 
cesses  the  same,  or  essentially  similar,  have  been  observed  in  luanr 
normal  structures,  hotli  animal  and  Vegetable,  and  in  pn*'  '  ^| 
states:  for  instance,  in  the  embryonal  vesicle  of  certain  ^ 
of  the  fir;  also  in  fertiliKed  ova  of  insects  and  other  unimaLs ;  m  ili* 
regeneration  of  tissues,  such  as  the  cornea  .after  injury,  in  oomul 
skin,  and,  probably  also  normally,  in  lym]ih-glands.  Thev  have  *l«o 
been  traced  in  various  pathological   shurtnres.  c  <;.,  in   rajtidl v  sMW* 

'  Karyokine»i»  i«  from  the  Oivck  *<i^»it«',  ihii'Umis  iir  ki'innl.  oii<l  ^: 
Karyoiuittwis  mcnii"  nucletis-wi'iiving,  llie  l»lt«r  pun  ol' tlif  vrnnl  h,-: 
Ihc  Oreck  furiu,  1  weave. 
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Knif  sarcoma  atnl  eafcinotiiJi,  in  cancerous  lymr  liatic  jrlands,  in  ouiidy- 
lotnuta,  in  tlie  foiination  of  callus  from  periot^tL'Uin,  in  tMulothelial  fells 
of  bluudvessels  during  the  organization  of  a  thrombus,  in  the  medulla 
of  bone  from  certain  eases  of  anaemia,  and  in  early  stages  of  the 
formation  of  tubercle  after  inoculation.  It  is  possible  that  in  some  of 
these  cases  the  apj)earance3  weie  really  normal,  and  not  produced  by 

Fiu.  3ft. 
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Kai7rukio»>lic  Jiszurvs  iii  ducUm  or  Ivmpltutiu  gland  (after  Fi.lMMixa). 

the  disease  aflV'ctinjr  ilic  organ  examined;  but  they  always  indicate 
cell-proliferation,  of  wliicli  the  karyokinetic  figures,  when  observed, 
are  important  and  unileniable  evidence,  Tlie  complete  sequence  of 
figures  given  above  (much  abridged)  fnun  Flemming  was  observed  by 
him  in  living  tissues.  When  dead  tissues,  normal  or  morbid,  are 
examined,  tite  (lift'erent  stages  of  karvokinesis  are  of  course  f>nly  seen, 
if  at  all,  in  isolated  cells;  and  the  succession  could  only  be  traced  by 
putting  tngetlier  a  number  of  observations.  The  appearance  of  a 
lytnph-gland,  with  karyokinetic  figures,  is  seen  in  Fig.  'M,  but  in 
ordinary  pathological  formation  they  arc  less  abundant  than  here, 

Occurrence  of  Cell-proliferation. — Cell-proliferation  oecui-s  physio- 
logically in:  (1)  The  formatiort  of  all  tissues  from  the  ovum,  in 
embryonic  and  post-embryonic  life. 

'1.  Processes  of  evolution  which  occur  in  the  progress  of  the  organ- 
ism from  youth  to  age;  for  instance,  ossification,  and  the  changes 
wliich  result  in  the  pro<luction  of  fibrous  tissue  in  various  parts,  such 
as  the  omentum,  whicli  liecnnies  more  fibrous  with  advancing  age ; 
and  tlie  sanu:>  process  probably  gnos  f>u  in  most  serous  ntembrunes. 

8.  The  production  of  la-w  epithelial  cells  in  the  normal  process  of 
secretion  in  glands.  These  are  best  seen  in  the  nmramary  gland,  the 
testicle  (seminiferous  tubes),  etc. 

4.  In  lymfdiatic  glands  there  is  a  constant  production  of  new 
lymph-cells,  and  probably  the  same  takes  [>lace  in  the  medulla  of  bone 
and  perhaps  in  other  parts. 
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Cell-proliferalion  occurs  piitliuloirically  in  : 

1.  The  re{iro<luetion  of  elements  destroyed  by  disease  or  injanf. 
Examples  tire  the  restnnition  of  tissue  in  the  neighborhood  of  wutimii: 
tlie  reproduction  of  musculiir  fibres  which  have  undergone  degeacn- 
tion  in  fevers,  etc. 

2.  In  the  neighborliond  of.  or  even  in  th:  raidst  of  inflamed  pMtt 
But  here  it  is  (h>ubtful  whether  these  changes  are  not  merely  repro- 
ductive to  replace  (hv^troyeil  elcnionts.  or  else  normal  processes  wludt 
go  on  with  greater  intt-nsity  than  usual  [niw  InHninmation). 

3.  In  the  production  of  new-growths  or  tumors. 

Evidence  of  Cell-proliferation. — It  is  often  an  important  practicJ 
question  how  tins  change  is  to  be  recognized  in  microscopic  examina- 
tions joos^z/^yr^t;///,  since  the  process  cannot  be  actually  watched. 

The  following  appearances  generally  indicate  cell-proliferation. 

1.  Groups  of  cells,  belonging  or  not  to  the  normal  structure  of  the 
part,  two  or  more  together,  which  show  hy  their  form  that  thev  harr 
been  produced  under  circumstances  of  mutual  pressure  {see  Fig.  I' 

In  early  stages  of  sarcr)mti  or  carcinoma,  and  iu  the  parts  surrouml- 
ing  tubercle,  these  chiuiges  are  very  evident. 

2.  Cells  containing  hypertrophied  nuclei,  or  containing  two  or  morr 
nuclei. 

3.  The  occurrence  of  karyokinetic  figures  in  tissue-cells,  Thi*  i» 
one  of  the  moat  certain  proofs  of  cell-proliferation,  though  not  often 
available. 

4.  An  abundance  of  nulcei  or  small  cells   indistinguishaM-    > 
nulcei,  in  abnormal  Bituation.s,  provided  we  c^tn  exclude  the  po-- 

of  their  being  leucocytes,  i.s  regarded  as  evidence  of  '*  connective  ti»ae 
proliferation." 

The  chief  source  of  fallacy  in  these  observations  is  that  leucocvtcs,, 
either  scsittered  or  in  groups,  may  give  the  appearance  of  new  cells 
produced  on  the  spot.  Hence  it  is  not  safe  to  speak  of  cells  wliicb 
have  t>o  distinguishing  cliaracters  as  new  cells,  but  only  when  tbcv 
show  some  of  the  pccularities  mentioned  tinder  (1)  and  (2). 

Thus  the  ajy]iearancc  known  as  "  small-cetlwl  infiltration  "  was  »t 
one  time  regarded  by  Virchow  as  showing  the  production  of  a  number 
of  new  celts  of  an  embryonic  type,  out  of  which  various  tissues  inigbl 
be  formed.  But  we  now  find  it  impossible  to  distinguish  these  ftw» 
leucocytes. 

Leucocytes  are  known  to  have  powers  of  spontaneous  movement: 
they  can  '"  migrate'  from  bloodvessels  to  tissues,  or  t'/ce  vergd,  ami  w 
the  tis^Hues  make  their  way  along  connective-tissue  spaces  and  IvB- 
phatic  capillaries,  whenever  the  plasma  penetrates.  Such  leuoocrtv 
are  called  "  migratory  cells."  They  may  generally  or  often  be  (ii* 
tinguislied  from  the  fixed  cells  by  becoming  more  deeply  sta.ine<j  with 
coloring  reagents  (as  logwood  or  caniiirie)  than  the  fixed  cells  of  tlw 
part.  In  this  property  diey  resemble  nulcei  rather  than  cells.  Be 
this  test  we  shall  find  that  "small-celled  infiltration"  means  in6l"-''  ' 
of  the  tissue  with  leucocytes  ;  and  is  generally  the  result  of 
mation. 
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A  very  important  question  is,  Can  migratory  leucocytes  develop 
into  larger  and  more  complex  cells,  like  tissue-cells  and  thus  form  neyr 
tissues  ?  This  is  still  undecided  as  a  general  question,  but  has  to  be 
considered  in  special  cases. 

In  the  case  of  new-growths  there  is  no  evidence  that  leucocytes  ever 
undergo  this  developement.  We  can  generally  draw  a  sharp  distinc- 
tion between  migratory  cells  and  the  cells  of  the  new-growth.  There 
is  no  proof  that  the  new-growth  proper  is  formed  of  leucocytes; 
though  there  is  often  some  accompanying  inflammation  which  causes 
an  accumulation  of  leucocytes  around  or  in  the  midst  of  it. 


CHAPTEE  XVIII. 


ON  TUMORS  OR  NEW-GROWTHS. 

When  the  human  body  has  reached  its  full  standard  of  grovth. 
there  is,  as  a  rule,  no  addition  to  it  of  any  new  part  or  organ ;  and  if 
any  distinct  part  or  organ  is  removed  it  does  not,  generally  speaking, 
grow  again.  To  this  rule  there  are  very  rare  exceptions.  For  instance 
it  has  been  known  that  a  congenitally  supernumerary  finger,  tImi 
removed,  has  grown  again  more  than  once.  But  such  exceptioul 
cases  do  not  invalidate  the  general  rule,  that  no  growth  takes  plact 
normally  from  the  adult  body.  This  does  not  exclude  formation  rf 
new  elements  (hyperplasia)  for  the  enlargement  of  an  existing  orpn, 
or  hypertrophy  ;  nor  new  formation  of  certain  tissues  for  the  pnrpoee 
of  repairing  injuries. 

Under  certain  circumstances,  however,  new  growth  takes  place  fiwi 
particular  tissues  of  the  body  and  forms  a  mass,  sometimes  compoKii 
of  one,  sometimes  of  more  tissues,  either  in  a  mature  or  an  immatiiR 
state,  supplied  with  bloodvessels,  and  sometimes  receiving  nenrts. 
from  the  general  vascular  and  nervous  systems  respectively. 

Such  a  mass  is  termed  a  new-growth  or  tumor,  which  words  may  no» 
be  taken  as  synonymous,  though  the  latter  had  once  a  much  larger 
signification,  being  used  for  any  kind  of  swelling. 

A  new-growth  is  distinguished  from  a  normal  organ  or  part  of  the 
body  (such  as  a  glan<l  or  limb)  by  the  following  characters  : 

1.  Its  growth  is  not  defined  by  any  obviovus  limit.  It  goes  on 
growing,  generally  speaking,  so  long  as  it  continues  to  exist,  em 
though  certain  |  ortions  of  it  may  suffer  involution. 

2.  Its  shape  is  not  controlled  by  any  special  law  of  growth,  oris 
not  typical,  but  is  irregular,  depending  n])on  the  resistance  met  with 
and  the  facilities  for  growing  in  any  particular  direction. 

The  latter  character  is  one  of  those  which  distinguish  new-growth 
from  hypertrophy  ;  and  the  same  distinction  is  shown  by  the  fact  thii 

3.  The  tissue  of  a  new  growth,  though  of  the  same  class  as  the  tissne 
from  which  it  springs,  is  never  precisely  the  same. 

New-growths  are  again  distinguished  from  normal  parts  by  having 
no  definite  function.  Even  when  they  are  composed  of  eleraenu 
which  normally  have  an  active  function,  chemical  or  mechanical,  they 
are  not  arranged  in  such  a  way  that  the  appropriate  chemical  or  tm- 
chanical  work  can  be  done.  A  tumor  or  bone,  for  instance,  has  not 
the  mechanical  relations  which  a  normal  bone,  even  when  hypertn)- 
phied,  has  ;  it  does  not  exercise  the  same  mechanical  functions!  So» 
tumor  may  grow  from  the  uterus,  composed  of  the  same  unstriped 
muscular  fibre  as  the  organ  itself,  but  from  the  arrangement  of  its 


parts  it  does  not  exercise  the  supporting  and  contracting  functions  of 
the  uterus. 

Agiiiii.  when  ii  tumor  is  fonned  froui  the  UKimuuiry  gland  cliii'fly 
couiposed  of  flouients  rcsL-mlditig  the  •|;Iiiiuluhir  .^ecrt-ting  cells,  these 
cell."*  niuy  undergo  it  mL'tuliuligm,  or  fatty  trausfornialion,  annlogous  to 
that  met;d»olism  by  which  udlk  ii?  formed.  But  from  the  arnnigc-ment 
of  piirts  tliere  is  no  true  sccreliuii,  uud  no  true  milk  is  fovmei!  or 
excreted. 

Now,  ill  the  case  of  all  organs  of  tlie  aniuud  body  which  have  an 
active  function,  the  exercise  of  the  function  involves  '*  liberation  of 
energy"  and  consunaption  of  material,  so  that  a  part  of  the  nutrition 
wliii'h  they  receive  is  thus  used  up.  But  if  new-growths  which  exer- 
cise no  functions  and  liberate  no  energy,  are  ahundanlly  nourished, 
the  whole  of  the  nutrition  can  be  applied  to  growth,  :(><  is  the  ease  with 
vegetahle  structures.  Thus  they  may  be  said  to  exhibit  ve<;ctative 
life:  and,  .since  they  lose  nothing  by  exerci.sing  fnnctiouM,  they  con- 
tinue to  grow  80  long  as  they  ure  supplied  with  nourishment.  Again, 
the  amount  of  nutritiou  (or  blood-supply)  which  sucli  growths  attract 
to  themselves,  bear.^  no  relation  to  the  needs  of  the  organism.  It  is, 
relatively,  in  excess.  Thus  we  see  how  it  comes  to  jiass  tfiat  tumors 
have  an  excessive,  or  apparently  unrestrained,  power  of  growth, 

The  above  characters  distinguish  the  process  of  tumor-growth  from 
the  process  of  fimiation  of  a  new  limb,  and  also  from  the  process  of 
hypertrophy  of  a  pre-existing  part.  They  mark  out  tumors  as  being 
something  ubnonmil.  There  is,  howevei',  one  other  abnormal  process 
in  w'liich  new  elements  are  producrd,  and  by  which  masses  may  be 
fonned  having  a  consideraldc  resembJance  to  new-growths — namely, 
inllauunation.  The  question  then  arises — What  is  the  essential  difler- 
ence  between  inflammation  and  tumor  growth,  and  how  may  their  pro- 
ducts be  distinguished  from  one  another? 

Bistinction  between  Inflammation  and  New-g^rowth.. — The  first 
distinction  is  one  of  causation.  Inflammation  is  (he  result  of  some 
injury,  while  new-growth  cannot,  with  rare  exceptions,  be  referred  to 
any  such  cause.  Even  if  an  injury  should  prtH.tede  the  furuiaiion  of  a 
new-growtli,  there  ia  a  clear  distinction  lietween  the  two  processes,  the 
changes  denominated  inthmmintion  being  always  antecedent  to  the 
new-growth  and  usually  emled  befiu'e  this  begins. 

Next,  the  old  iletinition  of  infianinration  as  swelling,  accompanied 
by  pain,  heat  and  redness,  should  be  borne  in  tiiind.  For  llie  latter 
characters  are  not  necessary  nccompaniments  of  new-growths,  though 
they  may  be  present,  either  in  consequence  of  the  hyperaemia  conse- 
quent on  growth,  or  because  the  new-growth  itself  may  be  the  subject 
of  iritlaiumatiou. 

Again,  the  proces.«  of  inllanmifilion  is  essentially  the  same  in  all 
parts,  while  nfvv-growth  in  different  according  to  the  tissue  from  which 
growth  takes  place. 

Inflammation  is  also  essentially  destructive  in  the  first  instance, 
thougli  there  is  a  process  of  reconstruction;  while  new-growth  is  essen- 
tially constructive,  the  destruction,  if  any,  being  purely  mechanical,  or 
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coni^iiitin^   only    in   a   substitution    of    the    original    tissue   bj  on 
tissue. 

Fiii:il]\%  there  is  a  most  important  difTerence  in  the  products  of  a* 
two  procosst's. 

New  growtlis  are  distinguished  from  the  products  of  inflainmatioQlif 

1.  The  pcrmancTiee  of  their  structures;  while  in  intiutiiuiatioo  tic 
]iroducts  hiive  only  a  shoit  life,  genentlly  speaking,  oven  the  nj<« 
jterinanent,  /.  *■..  <rTvinuh»tiun9,  serving  only  a  temporary  purpos*? 

'2.  The  pro(hict,s  of  indammatiou,  if  more  percnanent,  repr>>duiT 
one  type  of  tissue  only,  viz.  connective,  while  new  growtljs  reprodaee 
various  types  of  tissue. 

3.  The  elements  of  inflammation  are  emigrated  leucocvtea.  whifi 
do  not  form  tlie  essential  cell-elements  of  new  growths. 

There  is  a  certain  eliXiHi  of  fonnalion.s  which  have  l>een  sometio* 
regarded  as  new  growths,  sometimes  as  the  products  of  inflammAtion. 
and  aometiraes  as  intermediat«  between  the  two.  They  are  known  • 
granulation-tumors,  or  infective  granulomata,  and  in  this  work  vt 
arranged  as  the  products  of  a  special  kind  of  inflammation  resnltmi 
frotn  the  irritation  of  a  continuousl^y  acting  poison  special  to  aa 
«iisease.  which  |)oison  is  in  inany  cases  ilemonstrably,  iu  others  pro^ 
ably,  connected  with  a  minute  vegetable  organism. 

They  are,  therefore,  not  new  growths  in  the  sense  in  whicb  tk» 
word  is  here  used. 

New  Growth  in  Relation  to  Embryology. — The  growth  of  tke 
embryo  normally  proceeds  by  a  manipulation  of  cells,  and  the  nw* 
of  cells  thus  produced  undergoes  gci/ititntatiott,  so  as  to  beoow 
nrraugcd  iu  certain  layers,  from  which  the  several  or^ns  and  tiflna 
of  the  body  are  derived.  Thus  the  ''  segmented  germ  ' '  or  hla$todtrm, 
c(mies  to  consist  of  three  layers,  called  the  cpiblast,  mesobiast,  ttA 
hypoblast. 

Certain  parts  are  developed  from  each  of  these.      From  the  ep&Ud 
are  formed  the  central  nervous  system,  the  epidermis,  and  epiderracKi 
tissue.s,  witli  certiiin  adjacent  portions  of  mucous  membrane,  and  litf 
epithelium  of  the  sense  organs.     From  the  mesobiast  arise  the  na- 
nective-tissues,  the  muscles  and  bones;  from  the    hypoblast,  t' 
thelium  of  the  alimentary  canal,  and  of  the  glands  formed   ' 
vix.   lungs,  liver,  paucresis,   etc. ;  while  the  mass  of  thes 
formed  of  mesobhist.     According  to  the  most  recent    re-' 
same  is  true  of  the  glands  belonging  to  the  geni to-urinary  tr.\(.'i,  »-* 
the  kidney,  testicle,  etc. 

The  great  serous  cavities — peritoneum,  pleura,  etc. — nrc  ccncnUt 
regarded  as  cavities  formed  in  the  mesobiast.     The  laver  of  cell- 
these  cavitie.s  ia  called  endothelium,  to  distinguish  it  from  th<- 
Hum  lining  hypitldastic  cavities.     But  here,  again,   recent  cmh\ 
logical  researches  show  tluit  the  endothelium  of  serouS  cavitic* 
originates  in  the  hypoblast,  so  that  the  distinction  of  endotheliutn  alii 
epithelium  is  one  of  structure  only,  not  of  origin. 

The  formation  of  new  growths  or  tumors  in  a  process  eascstiiily 
dependent  upon   the  activity  of  cells.      The  cells   from    whidi  w 
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rodnee  the  originiit  tissue  from  wliicli  it  started,  so  that  we 
have  a  mass  of  fibrous,  bony,  fatty,  or  otiier  tissue,  or  {'2)  it  may  pro- 
duce cells  like  those  of  the  original  structure,  but  arniiigeit  in  an 
eiitifcty  different  way,  as  when  we  find  cells  like  litose  of  a  gland 
Sciittereil  in  irreguliir  masses  through  the  connect! vo-tissne,  or  (8)  it 
may  remain  in  an  imperfect  or  embryonic  condition,  that  is,  a  nniss  of 
cells  resembling  those  of  the  embryo. 

Tumors  resulting  from  the  first  process  are  called  simple  tissue 
tumors;  those  resulting  fnnii  {'2)  and  (3),  carcinoirui  and  sare<nna 
respectively. 

New  growths  have  been  broadly  distinguished  into  classes,  accord- 
ing as  they  arise  from  the  tissues  formed  out  of  these  three  embryonic 
parts  respectively,  a.s  mesoblastic.  epiblastic,  or  bypoblastic. 

Mesobhistie  tumors  would  be  those  formed  from  connective-tissue  in 
its  various  foroas — fibroua,  fatty,  bony,  cartilugiuous,  etc. — and  from 
muscle. 

If  these  growths  repro(l»n-e  one  of  dte  normal  types  of  the  original 
tis.stu's,  they  form  the  simple  liistioid  tumors. 

If  the  development  stops  short,  »o  as  to  produce  only  tin  immature 
form  of  connective-tissue  resembling  embryonic  tissue,  the  tumor  is 
called  a  sarcoma. 

Till  lately  the  kidneys,  and  testes,  and  ovaries  were  included  among 
the  mesoblastic  organs,  tfiough  they  are  so  different  in  structure. 
Growths  derived  from  these  organs  have,  how^ever,  more  resemblance 
to  those  derived  from  liypohlastic  and  epibla.stic  structures  than  to 
conneclive-lissuc  growths.  This  is  explained,  on  more  recent  views, 
by  the  fact  that  the  serous  cavities,  jieritoneiini  and  pleura,  which 
were  formerly  considered  as  formed  in  the  midst  of  the  mesoblast,  are 
shown  to  he  a  development  of  the  liyj>ol)hist,  and  eonsetjuently  the 
genito- urinary  epitlietium,  which  arises  from  the  primitive  peritoneum, 
■will  be  equally  bypoblastic.  Growths  of  a  strictly  epithelial  type 
arise  from  these  organs;  just  as  their  normal  epithelium  resembles 
that  of  secreting  glands.  Hence  growths  arising  from  tlie  genito- 
urinary organs,  wliich  offered  an  insuperable  obstacle  to  the  cla.^sifica- 
tion  of  new-growths  on  an  embryological  basis,  are  now  brought 
under  a  uniform  system  of  classification. 

We  shall  then  arrange  new-growths  primarily  on  the  basis  of  a  dis- 
tinction between  the  mesoblastic,  epiblastic,  and  bypoblastic  tissues. 

We  then  get  two  main  divisions  of  new-growths: 

Tissue-growths,  including  those  formed  from  all  kinds  of  connective- 
tissue  and  its  derivatives.      This  includes  all  mesobhistic  tissues. 

Epithelial  growtlis — namely,  all  formed  from  bypoblastic  and  epi- 
blastic ejHthelium,  with  tiie  glands  derived  from  them  ;  and  including 
those  formed  from  tlie  epitlielium  of  the  genito-urinarv  tract. 

Growths  of  pure  nerve- tis.siic  ought,  on  the  ground  of  development, 
to  find  their  place  among  epiblastic  growtlis  ;  but  since   what  are 
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called  nervous  tumors,  geuerally,  if  not  always,  rtri;2;inate  in  the  cnu- 
nective-tis-sue  of  the  nerve-structiire,  this  distioctirvn  need  not  be  con- 
sidered. 

Causes  of  New-growths.- — It  is  not  generally  possible  to  say  what 
causes  the  tissue-elements  to  multiply  in  such  a  way  as  to  produce  a 
new-growth  or  tumor. 

There  is  no  evidence  of  the  t-xistetice  of  any  specific  poJBon,  such 
as  those  whieb,  by  continued  irritation,  produce  the  granulation- 
tumors  or  infective  grauulomata.  Nevertheless,  there  is  no  proof  that 
such  a  virus  does  not  e.xi8t,  and  in  certain  cases  there  would  be  some 
plausibility  in  the  hypothesis  that  a  growth  is  produce*!  by  some  such 
cause.  This  is  true  of  certain  kinds  of  lymphoma  or  lympho-sarcoma. 
In  .'*ome  casi-s  mechanioiil  injury  njipears  to  have  some  influence  in 
deterininiug  tlie  place  fit  which  a  new-growth  appears. 

Thus  file  (irigin  of  cancer  of  the  lirenst  has  been  8ometime.s  traced 
to  a  blow  or  other  injury  of  the  part.  In  othen*,  an  injury  to  the 
eye  or  to  a  bone,  has  been  followed  by  a  developent  of  a  new-growth 
of  the  part  injured.  Instances  of  this  are  foun<l  in  the  origin  of 
some  sarcomota  and  enchondromata.  The  de\elopment  of  the  new- 
growth  may  follow  soon  after  the  injury,  or  not  till  long  after,  when 
the  injury  is  com]>letely  liealod  ;  .so  that  it  is  really  a  growth  from  a 
scar,  or  in  a  damaged  part.  The  latter  case  appears  to  be  the  more 
common. 

In  another  class  of  cases,  a  slight  injury  or  irritation  long  continued 
appears  lo  promote  the  production  of  new  growth.  Thus  epithelial 
CiUicur  bus  often  beeri  observed  to  ot-cur  on  the  lower  lip,  where  irri- 
tated by  li;ng  continued  friction  with  a  tobuccu-pspe  ;  on  tlie  tongue. 
at  a  point  where  there  is  irritation  from  a  broken  tooth,  and  so  on. 
The  jjrolonged  contact  of  Boot  has  been  observed  (in  former  years 
more  often  than  now)  to  develop  skin-cancer  in  the  scrotum  of  chim- 
ney-sweeps. Of  late  years  cancer  of  the  skin  has  been  rather  fre- 
quently observe<t  in  workmen  wtio  have  to  do  with  tlie  preparation  of 
mineral  oils,  and  lia.-^  received  the  name  of  '"  Petroleum  Cancer." 
The  irritation  nf  tlu!  oil  jtroduces  chronic  inflammation  nf  the  skin, 
or  eczema,  which  i.s  in  certain  cases  followed  by  a  growth  of  epithe- 
lioma. 

But  cases  of  alleged  origin  from  injury  form  a  small  proportion  of 
all  eases  of  new-growth.  In  certain  classes  of  growths — for  instance, 
meilullary  cancer,  incltnling  cases  now  called  sarcoma — it  ha.s  been 
placed  as  high  as  one-tliinJ  by  I'aget,  but  other  authorities  give  a 
much  smaller  proportion.  Of  hard  cancers  less  than  one-sixth  were 
attributed  to  injury;  of  simple  tumors  about  one-fifth.  Taking  all 
classes  of  growths  together,  other  statistics  give  one-seventh  (14  per 
cent.)  as  attributable  to  injury,  others  not  more  than  h;df  that  pro- 
portion. 

It  lin.«i  again  been  pointed  out  that  the  most  common  seats  of  cer- 
tain new-growths,  especially  cancer,  are  such  jtarts  of  the  body  as  are 
normally  e,vposed  to  friction  and  irritation.  Thus  cancer  of  the 
digestive  canal  occurs  at  the  orifices,  where  the  tissues  are  exposed  to 
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Triction  find  ifritation — the  niauth,  tlie  jiyloriis,  the  rectum — tnueh 
more  frequently  than  iaterveiiiug  parts.  8u  in  the  uterus,  similar 
growths  occur  most  fre«juently  at  ihe  os  uteri  aiul  cervix,  less  fre- 
quently in  the  funihis. 

It  liJi-H  also  been  observed  that  new-growths,  especially  cancer,  occur 
in  organs  which  have  been  for  u  long  time  affected  witii  chronic  in- 
flaiDtnatidn.  This,  like  Inng-contiiuied  irritution,  niu.st  doubtle.-'s  be 
consiilered  a  weakenin*;  condition.  In  general,  a  damaged  or  weak- 
ened .state  of  the  tissues  is  favorable  to  new-growth. 

It  appears  that  some  kinds  of  new-growths  are  moro  likely  than 
others  tu  be  produced  by  injury,  as  will  be  shown  in  speaking  of  the 
particular  kind. 

In  the  meantime  one  brond  generaliKiition  may  be  laiil  down.  Vio- 
lent di.sru[itive  legions,  such  as  fracture  of  hone,  iuive  often  been 
observed  to  precetle  tlie  formation  of  sarcoma,  and  also  of  certain  sim- 
ple tissue-tumors,  especially  enchondroma :  while  chronic  irritation 
has  not  been  found  to  have  any  connection  with  the  production  of 
euch  growths,  (Jn  the  other  hand,  chronic  irritation  often  seems  to 
lead  to  the  production  of  simple  epithelial  gjowtbs,  such  as  sitnple 
wartji.  or  so-called  "venereal  warts."  and  to  beat  all  events  a  freijuent 
antecedent  of  epilhelial  cancer.  But  sudden  or  violent  injuries  have 
not  Wn  found  to  have  much  to  do  with  ilie  production  of  the  tatter 
class  of  growths. 

There  is  a  great  difhcully  in  supposing  that  mechanical  injury,  by 
itself,  or  even  the  long-continued  effect  of  a  series  of  small  injuries," 
which  we  call  irritants,  can  possibly  he  the  exciting  cause  of  new- 
growth. 

Injury  is  a  cause  of  death,  not  of  growth  ;  and  almost  the  only 
way  in  which  it  can  be  conceived  of  as  acting  so  as  to  cause  tissue- 
elements  to  grow,  is  by  drawing  more  bh^od  to  the  neighboring  cells 
Aviiich  are  not  injure<b  and  thus  stimulating  their  nutrition.  It  must, 
in  short,  be  the  reaction  after  injury,  and  not  the  injury  it.<ielf. 

It  may  also  he  conceivcil  <»f  as  piossible  tliat  injury,  by  forming  a 
breach  of  continuity,  allows  certain  cells  to  grow  more  freely  wliicli 
were  tormerly  kept  in  a  quiescent  state  by  the  jn'cssure  of  surround- 
ing parts. 

Hut  for  eitlier  of  these  results  to  follow,  (here  must  he  something 
abnormal,  or  at  least  unusual,  in  the  parts  aflecled.  We  know  what 
the  ordinary  results  of  injury  and  of  reaction  are;  the  only  new 
growth  which  they  set  up  is  one  of  a  homogeneous  kind,  which  is 
generally  transitory,  and  gives  place  to  some  kind  of  normal  tissue. 
Jiut  in  the  cnse  of  tumor-growth,  we  have  a  heterogeneous  or  hetero- 
logous production,  which  is  permanent  and  does  not  give  place  to 
normal  tissue.      What  is  the  cause  of  iliis  dif!erence  ' 

If  we  say  that  a  tuinor  (such  as  a  sivrconui)  is  an  abnormal  devel- 
opment of  an  ordinary  scar,  the  question  still  remains,  why,  instead 
of  an  ordinary  scar,  we  get  a  sarcoma. 

The  question  is  still  more  unavoidable  and  necessary  to  be  asked 
because  tumor-growth   after  injury,   thougli  aufliciently   common  to 
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have  been  observed  in  a  definite  number  of  cases,  is  ati  extna^ 
rare  event.  TlionsaiulH  and  lens  of  thousands  of  injuries  arc  indiitid 
wliieli  are  not  followi-d  by  any  turaor-growih,  till  nt  length  am 
occurs  ill  wiiich  a  tumor  results  from  an  apparently  eiuiilar  injnn. 
In  !ittcmptiii|i  to  answer  tliis  question,  it  in  of  no  constNjueinv  - 
proportion  of  tumors  are  precetled  by  injury,  or  ^'hat  f>nijM,i  . 
arise  s|jiontaiieoualy-,  nor  is  it  of  any  importance  to  inquire  what  tim 
of  injury  was  inHicted.  These  points  arc  very  interesting,  bm  uA. 
precisely  relevant.  If,  then,  we  put  it  in  the  simplest  way:  VTtai 
was  there,  in  the  pnrticular  case  supposed,  which  caused  the  injun  t« 
be  followc<l  by  a  tumor"'  the  only  answer  can  be  that  the  liswr- 
iujruvd  were  not  perftX'tly  (HMtrial ;  there  must  have  been  »ometlii>^ 
in  theui  wlucb  is  not  in  ordinary  lixsues, 

A  rettiarkuble  instanee  of  this  law  is  seen  in  the  production  of  otf- 
tilatrinotjs  tumoi-s  from  the  testicle.     These  growths  have  been  io  9*t- 
eral  causes  distinctly  observed  to  follow  an  injury  to  that  organ.     Nifl 
if  instead  of  or  besides  the  inllamriiatiou  wliicli  commoiilv  reMi' 
injury,  we  have  a  cartihiginous  tumor  produced,  it    in    plain    i 
part  injured  cannot  have  been  renlly  normal.     It  must  have  rontamoi 
what  a  normal  testicle  does  nut  contain — -some  tissue  or  material  capi 
ble  of  growing   into  cartilage — which   material,    being   injured,  b* 
shown  a  reaction  altogether  diflerent  from  the  ordinary   re;i 
testicle-tissue  after  injury.     It  sin-ms  clear,  then,  that   injur\ . 
it  may  determine  the  proiluction  of  a  tumor  at  any  particular  plactiwr 
time,  cannot  be  the  cause  of  new  growth  in  general. 

Also  it  is  (piite  clear  that  the  mere  stJite  of  health  of  the  tissse* 
cannot  be  the  determining  cause.  Some  tumoi's  arise  in  cackectK 
persons  or  debilitated  organs;  but  a  great  many  take  their  rise  ioa 
condition  of  perfect  health,  and  very  often  (especially  sareoina)  bj 
preference  in  ynung  fteo[»le :  so  that  the  true  detemiir  incr  caoK  ii 
still  to  .seek. 

But  it  is  well  to  point  out  that  there  need  not  be,  and  prob«blT  ii 
not,  any  one  such  stimulus.  The  actual  exciting  cause,  in  each  of  tke 
great  c!a.sses  of  new  growths,^  is  probably  different.  There  is  no  n*- 
S(in  why  a  tniiscuhir  tumor  of  the  uterus,  a  sarcoma  of  bone,  aixl  » 
cancer  of  the  breast  should  not  be  produced  by  the  sutne  or  erffl 
similar  causes. 

The  only  point  common  to  all  is  ibiit  there  must  be  some  inheteitl 
or  acquired  property  in  the  tissues  which  causes  them  when  infurpl 
or  even  witlnuit  iiny  obvious  injury,  to  grow  in  this  peculiar  ■way. 

Hypotheais  of  Tumor-growth  from  Embryonic  Rudimenta.-^Ooo- 
sidering  ttiiiior-formatiou  as  a  species  of  growth,  not  of  disease,  aod 
considering  growth  (inclu<ling  under  this  term  development)  a*  « 
manifestation  of  the  original  initial  impulse  by  which  the  body  fonorti 
and  grew  up  to  the  adult  state,  it  seems  natural  to  inquire*  whetbtf 
tunior-prowth  may  not  be  duo  to  some  portion  of  that  initial  iaiMise 
of  growth  not  yet  exhausted. 

Most  parts  of  the  body,  jiikI  probably  in  most  persons  all  partu  "f 
the  body,  have   exhausted    their   possibilities  of  growth,  and    arr  t»t> 
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capiible,  iiiuler  any  c'ircuTiistjiiiL'f.s,  of  jiroduciug   new  tissues, 
exce[)t  the  scar  tissue  which  is  coininoii  to  nil  piirts  aftei-  injury. 

The  question  is  nlictlier  there  iire  any  parts  of  the  body  whicli  still 
possess  the  power  of  growth  and  develo]inient  wliieii  belonged  to  nil 
tissue*  in  the  embryonic  state.  In  other  words,  are  there  any  purls 
of  the  body  Avhich  contain  embryonic  inatcriais  still  possessing  the 
capiihility  {though  perhaps  quite  iatenl)  of  being  worked  iij»  into  new 
tissues '' 

The  supposition  that  there  are  still  some  such  undeveloped  or  embry- 
onic materiitls  in  the  body  is  the  basis  of  the  theory  of  Cohnlieini,  which, 
whether  true  or  not,  is  certainly  the  oidy  one  which,  up  til!  now,  gives 
any  reasonable  explanation  of  the  origin  of  tumors. 

Coliiilieim  supposes  that  in  an  early  stage  of  embryonic  developtiunt 
more  cells  are  in  some  cases  produce<l  for  the  fornintion  of  a  jiiirticuiar 
part  of  the  b<»dy  than  are  iictually  used  u[)  in  its  formation.  Accord- 
ingly a  certain  ([iiantity  of  building  material — so  to  sptjik — that  is,  a 
certain  number  of  embrj'onic  cells,  remain  unemployed.  This  may 
be  a  very  .small  ma^is  but,  being  embryonic  tissue,  has  great  capabili- 
ties of  growth.  It  may  be  sujiposcd  to  date  from  a  period  between  the 
differentation  of  the  tlirce  jtrimordial  layers  and  the  fonnution  of  the 
rudimentary  organs.  8ucb  a  mass  may  be  cominised  of  one  tissue, 
and  distributed  through  the  body  wherever  that  tissue  is  produced,  so 
that  one  whole  system — for  instance  tlie  skeleton,  may  have  these  em- 
bryonic rudiments  distributedover  it,  and  thus  be  capable  of  exhibiting 
anomalous  growth  almost  universally.  On  the  other  hand,  it  may  be 
strii'tly  limited  to  one  spot. 

.Such  a  rudiment  ma}'  remain  for  a  long  time,  or  pos.sibly  through 
the  whole  of  life,  without  further  deveIopm«'nt.  On  the  other  hand, 
it  may,  at  some  particular  period  in  the  development  of  the  body,  or 
in  consenuence  of  some  speciiil  stimiihis,  proceed  to  pass  through  an 
evolution  .similar  to  that  of  the  eudjryonic  ti.ssue  of  which  it  originally 
formed  a  part. 

Tliesc  sup[H)sed  embryonic  rudiments  would  be,  in  fact,  a  sort  of 
"animal  buds,"  comparable  to  the  corresponding  structures  in  the 
vegetable  kingdom.  The  stems  of  trees  antl  most  of  the  higher  plants 
form  a  large  number  of  buds,  some  of  which  grow  into  branche.'i,  but 
others  remain  for  an  indehnite  time  in  a  rudimentary  conditio)!,  until 
some  change  in  nutrition  or  other  slimuhis  causes  them  to  devebip. 
When  this  take?  place  the  bud  may  devi-lop  into  a  normal  branch  or, 
on  the  other  hand,  it  may  grow  into  a  sort  of  abortive  branch  or 
irregular  swelling,  which  is  precisely  analogous  to  a  tumor  of  the 
animal  body. 

It  is  easy  to  speculate  on  the  possibilities  of  growth  of  such  rudi- 
mentary structures.  But  it  is  only  necessary  to  discuss  thehyphothe- 
}*i8  in  it.s  simplest  form,  namely,  lliat  such  rudiments  exist.  It  must 
of  necessity  be  impossible  to  prove  that  they  exist  before  they  grow 
up  into  visible  tumors,  but  certain  facts  are  known  Avhich  give  some 
support  to  the  theory. 

Some  years  ago  Virchow  showed  that  islands  of  unossifieU  cartilage 
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may  exist  at  the  end  of  the  long  bones,  quite  distinct  from  the  per<» 
nent  articular  cartilage,  and  he  supposed  that  such  might  he  the  iinjra 
of  new-prowth  or  of  cartilaginous  or  bony  tumors.  Such  txninnU 
cartilage  may  often  be  seen  in  bones  affected  with  rickets. 

Cartilage  is  undeveloped  horn:-,  ajid  thus  these  masses  preeJurJy  wr- 
rofiiHind  to  Cobulieinrs  supposed  embryonic  rudiments,  that  de»fljj 
uient  being  conceived  of  as  arrested  at  an  earlier  stage. 

In  the  fortimtion  of  what  arc  called  teratoid  tumors,  (descnW 
ferther  on)  jiathologists  have  long  recognized  u  process  similnr  to  lb: 
supposed.  For  instance,  dermoid  cysla  are  clearly  |>ro<lu«-i  ' 
of  skin  pushed  or  drawn  inward  at  an  early  periml  of  W 
and  then  covered  up  or  buried  by  the  other  tissues.  They  uiav  rciwui 
quiescent,  or  may  go  on  producing  skin-appendages,  hairs,  t»cbum,  and 
the  like,  while  increasing  greatly  in  size. 

The  facts  of  hcretlitury  predisposition   to  cancer  are   adduced  br 
Cohnheim  in  support  of  his  theory.      It  is  certain  that  turner*  nr**  n"i 
directly  transniitte<l  from  the  parent  to  the  ovum    like  eoii 
ejii^es  :  but  still  tl*e  gcnendly  accepted  law  is  that  certain  f;i : 
a  pre<lisposition  to  develop  tumors  (cancerous  or  other)   in  aJterdii' 

A  similar  law  prevails  with  respect  to  the  transmission  of  anouuU- 
such  as  supernumerary  fingers,  peculiar  states  of  the   hair  or  spWJ«l 
I  properties  of  tissues,  as  in   liietnophilia.     What  is   inherited   i- 

disease,  but  something  embryonic,  or  a  projierty  of  einbrvi>nii 
I  Furtlier.   the  fact    that   many   tumors  are  congenital,    anil    i   ^ 

hirgcr  number  occur  in  eiirly  life,  suggest.-s  lliat,  in  those  cases,  a  iuaj; 
of  embryonic  tissue  existed  at  birth,  cajiable  of  development. 

In  other  cases,  though  thei  actual  tumor  is  not  congenital,  it  t«k» 
its  rise  in  a  congenital  spot,  such  as  a  mole  or  small  warl,  which  iiftw 
a  time — for  some  uncxpbiirted  reason — takes  on  excessive  growth- 
Tliis  is  just  sucli  a  rudimentary  gorui  as  Cohnheim's  theory  8uppo«» 
in  tiie  case  of  oilier  lumors. 

Another  remarkable  fitct  connected  with  tumors  is  that  they  an«, 
with  rare  exceptions,  from  tissues  of  the  sauje  kiml  as  themseln^ 
though,  it  may  be.  in  lui  curlier  or  hiter  stage  of  developrnent.  Ol> 
Cohnheim's  view  they  slurt,  not  from  the  perfectly  foruitnl  naainirf 
tissue  of  the  part,  but  froui  a  rudimt'Ut  of  embryonic  material,  irhidi 
naturally  lievelops  into  that  tissue  if  it  grow  at  all. 

All  these  and  many  more  facts  would  receive  a  simple  explaostioo 
if  this  theory  were  proved  to  be  true. 

Objection  to  Colinheim'«  Theory. — It  is  not  enough  that  a  hvpnthtsis 
should  be  CHpable  of  exfilaining  a  series  of  facts.    Before  it  is'nrc«'pit«l 
as  the  true  exphination.  the  caui^e  supposed  must,  in  the  first  place.  b« 
proved  to  exist,  ami  then  it  must  be  shoAvn   that  no  other  cause  would 
produce  the  same  effects.     It  is  not  claimed  that  the  cause  aasurr— ''  •■' 
<'«dirdieim's  theory  has  been  proved  to  exist  generally,  and  th« 
t'nr  the  present,  this  tlieory  Cittiiiot  be  accepted  as  a  part  of  b< 
Uut  no  other  exphmntion  has  been  suggested  which  account'^ 
msiny  facts. 

On  the  whole,  it  would  seem  to  he  much  more  applicable  tn  tmn"r« 
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irrin;;  in  the  young,  and  to  sarcoma,  than  to  those  occurring  in 
inceil  life,  and  to  eutjcor;  and  it  <loes  not  in  any  way  account  for 
the  reniiirkiihle  difterc-nce  betwi-cti  the  tnode  of  growth  of  simple  and 
mnlij«rinnt  tumors  resjH-ctivi'ly. 

On  the  Classification  of  New-growths. — New-irrowths  have  been 
classified  on  viiriou.<  [trincipk-h.  Fir?^t,  they  may  he  divided  into  the 
hotnol(\;nm»  and  heterolw/fius. 

Hoinologoua  are  tlin.*e  which  are  like  in>rmal  tissues ;  heterolo>rou8, 
those  which  are  unlike  any  normal  tissue.  The  first  class  includes 
growths  composed  of  fibrous  tissue,  cartilage,  hone,  or  any  variety  of 
the  connective  tissues,  also  those  composed  of  muscle,  and,  further, 
those  which  reproduce  the  type  of  the  normal  secrt'ting  glands  and 
those  fiimjiosed  of  norinal  epidermis. 

The  second  class  inchides  those  composed  of  connective-tissue  cells., 
arranged  in  a  manner  different  from  nortual  tissues,  and  also  tlujse 
containing  ejiithelial  cells,  either  fmvement,  cylindrical,  or  glandular, 
but  arranged  in  a  manner  unlike  that  of  normal  surface-epithelium  or 
normal  glands. 

Now  since  the  elements  of  new-growths  are  never  fundamentaliy 
different  iVotn  the  elements  of  normal  tissues,  either  in  a  perfect  or  in 
an  immature  condition,  the  difference  Setweeii  homologous  and  hete- 
rolognus  thus,  comes  to  be  one  of  arrangement,  or,  as  it  is  said,  of  ti/pe. 
Het»ce  for  these  niuncs  we  might  substitute  the  names  typiral  and 
atypieal. 

The  only  objection  to  this  division  of  new-growths  is  that  it  is  not 
always  precise  and  is  sometimes  diHicult  to  apply,  because  the  tissues  of 
the  homologous  new-growths  are  not  precisely  like,  though  similar  to, 
normal  tis.sues.      But,  broadly  speaking,  the  distinction  is  a  valid  one. 

Homophutie  (or  hoinosopljistic)  and  ketirophstic  are  terms  which 
have  been  used  in  a  somewhat  similar  sense.  The  former  means  that 
the  new  growth  is  like  the  structure  of  the  part  from  which  it  grows  or 
in  which  it  is  ibutid;  the  latter  unlike.  For  instance,  an  exostosis  or 
bony  growth  frum  bone  is  evidently  Inmioplastic  ;  but  if  we  shouhl  find 
a  bony  tumor  in  the  lung  it  would  be  heteroplastic,  even  if  like  normal 
bone  in  structure.  All  strictly  heterologous  growths  must  obviously 
be  heteroplastic.  This  distinction,  first  made  by  Virchow.  v>ns  once 
thought  to  be  very  important,  but  further  research  has  diminished  its 
significance  for  the  following  reasons: 

It  has  been  shown  that  the  great  majority  nf  new-growths  are  in  a 
brnjid  sen.se  hotiioplastic — that  is  to  s«y,  connective-tissue  growths 
arise  from  some  kind  of  connective-ti.sstie,  eftithelial  growths  from 
epithelium,  and  so  fitj.  though  with  differences  of  arrangement  or  type. 
The  eiuses  of  heteroplastic  growtli  may  be  regarded  as  exceptional  and 
usually  susceptible  of  some  other  explanation,  as  will  be  shown 
hereafter. 

But,  on  the  other  hand,  no  growth  is  strictly  homoplastic,  since,  as 
has  been  said,  the  tumor-growth  is  never  precisely  identical  with  nor- 
mal tissue.  This  distinction,  then,  cannot  he  used  with  precision  as 
the  basis  for  cla-ssification  of  tumors. 

13 
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Innocent  and  Malignant  Tumors. — The  most  important  dutmctiei 

from  tt  pnu'ticnl  jioint  of  view,  wliich  it  has  been  attempted  to  dm 
between  (iiflerent  classes  of  luniors  is  tliftt  which  is  expressed  hr  ante 
thtjt  tliey  have  or  have  not  the  properties  called  miilignant. 

This  distinction  was  originally  made  with<tut  reference  to  atrnctnn. 
on  the  hnsis  of  the  physiology  or  life-history  of  tumors. 

The  term  malignant  was  used  for  tumora  having  the  followinj 
properties : 

1.  Reeurreiit-^that  is,  if  removed,  liable  to  recur  and  sometimwrc 
be  followed  by  the  production  of  other  growtlis  of  the  same  kind  n 
other  parts  of  the  hwiy. 

2.  Destroying  the  part  in  which  they  grow. 

3.  Producing  great  cachexia  or  constitutional  disturbance. 

4.  Incnndde.  or  at  least  very  dilhcult  to  cure. 

5.  In  consequence  of  the  above  properties,  fatal,  or  at  leasnt  hkrh 
to  destroy  life. 

Experience  has  shown  that  all  these  properties  are  e«6eDti»llt 
dependent  upon  the  first  two,  since  (B)  and  (4)  are  not  constant. « 
exist  in  very  varialde  degrees;  and  that  they  are  all,  in  tact,  only 
ways  of  starting  one  capital  point,  in  ihe  mode  of  growth  of  ll* 
tumors  called  malignant,  namely,  the  following: 

Such  growths  tlo  not  remain  confined  to  the  tissue  in  vrhJcb  llwT 
originate,  but  spread  to  the  neighhoring  tissues  either  by  direct  cm- 
tiguity,  or  by  entering  into  the  lymphatic  or  blood  vascular  chaiiorU. 
and  may  also  give  ofl'  particles,  wliich  being  transported  to  <i\<u£ 
parts  produce  growths  of  the  same  structure  in  them.  Such  grnwtltf 
are  called  secondary  or  metastatic. 

For  instance,  we  may  have  a  tumor  in  the  mamma^  which,  howpwr 
large  it  becomes,  does  not  grow  into  the  neighboring  tissues,  but  pK- 
duces  only  a  sepiirahle  lump.  Such  a  tumor  is  called  simple  or  iaix^ 
cent ;  it  may  be  a  fibroma,  adenomu,  or  so  on. 

But  there  may  be  a  tumor  fm  tning  a  far  less  considerable  mits*.  bet 
which  may  grow  into  the  skin  and  into  the  subjacent  tissues,  makin; 
them  adherent  and  immovable,  and  is  hence  called  focalfu  <}• 
Next  it  may  pass  into  the  axillary  glands,  producinn-  tuni-i; 
like  the  original  ;  and,  finally,  it  may  give  rise  to  secondary  gru*>vi* 
in  distant  parts,  such  as  bone,  liver,  brain,  etc.  It  may  that  is  tr 
say,  be  generalltf  infertivc 

Su<'h  it  tumor  is  at  once  recognized  as  malignant,  and  i?  ctlli4 
mammary  cancer.  In  the  same  way  a  growth  of  the  epidermis  unv. 
instead  of  forming  a  mere  projection  on  llie  surface,  burrow  doiri" 
want  into  the  corium  and  connective  tissue,  producing  a  series  of  p^ 
nomena  like  thoge'Just  described.  This,  then,  is  muiicrnani,  and  it 
called  epithelioma. 

It  phould  alfo  he  noticed  that  this  infective  property  is  seen  al* 
very  early  period  of  the  groutli[of  sueli  tumors,  and  is  therefore  not* 
acquired  property. 

The  inlectiveness  «>f  malignant  tiMnf)rp  has  a  reuinrkable  ptl 
inflammation    (especially    suppunitit»n    and    specific     inflatn 
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For  instance,  pus  from  a  cnislied  bone  may  burrow  into  tlif  surround- 
ing parts,  and  in  cases  of  pyitmla,  give  rise  to  scconilarv  foci  of  suppu- 
ration in  distant  parts,  (.'onjpare  also  the  production  of  a  prinuiry 
syphilitic  lesion  at  one  part  of  the  body  ;  and  the  occurrence  of  second- 
ary syphilitic  iiifliiramations  in  other  organs. 

The  atialopy  between  t!ie  proccs-s  of  malignnnt  tumor-rrrowth  and 
that  of  specilic  or  infective  inttammiition  1ms  niiliiruUy  led  to  tfie 
Bupjjosilion  tliat  s^ome  specific  poison  may  be  the  cause  of  the  former 
_BS  it  is  of  the  latter.  It  would  be  nmh  to  say  that  jiuch  a  mode  of 
lusation  is  impo^silde,  but  at  present  no  such  poison  has  heeu  found 

exist  in  the  case  of  malignant  tumors,  and  little  or  no  evidence  has 
been  given  pointing  to  the  probability  of  the  existence  of  any  such 
virus. 

Local  and  Oeneral  InfectivenesB. — The  iwo  properties  above  re- 
ferred to  Jjy  tliis  tiiime  reijuhe  further  elin'idation. 

Local  infecliveness  is  bo.'jt  seen  in  malignant  epithelial  tumors 
ciiHed  cancers,  though  the  [iroperty  does  belong  in  a  less  degree  to 

Fi«.  3r. 


'^'^f'^Vt;^-"^^' 
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All  iic-iun^  <•■'  iimliilniir^'  t;Iuiiit.  !-li<iM'iii(;  growth  ofeiiiiepr  and  iiinitnitiuii 
of  c<imiei'tive-ti»iie  laftor  Walokyeb). 

a,  cAvity  of  iumhuh  with  prcilirerotioii  of  glumlnlar  opitholiuru  :  b,  <x>luniii»  of  new  c«lls 
gprejvlirig  through  I  he  txiriiiective-lisKiie  spaces. 

malignant  tumors  of  the  connective-tissue  class  called  sarcoma.    What 
is  meant  by  it  may  be  s^een  in  Fig.  37, 

Here  is  sli^wn  a  terminal  acinus  of  the  niHUiniary  gland,  where  the 
epillielium,  instead  of  being  arranged  in  the  usual  manner  on  the 
basement-membrane,  is  greatly   iucrejised   or  proliferated,  altered   in 
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form,  and  scattereJ  in  ii  tJisorderly  manner  through  the  lameti  of  iW 
acinus.  Further  itwill  be  ohservetl  that  the  baseuient-n]enil»nn«'l 
the  acinus  at  its  blind  extremity  haa  entirely  tlisitppeare^l.  ami  Ut 
cavity  is  continuous,  by  means  of  several  prolongations,  with  tLe8|arri 
t>r  the  surronnditig  connective  tissue.  Into  these  8j»ace8  the  it3 
groAvtl)  jx'uetnitus,  and  it  •will  he  seen  that  the  fiirtlier  the  coIIn  wt 
nuwed  from  the  original  glandular  auinua,  the  i^^maller  and  rouDikr 
they  are. 

What  appears  to  have  happened  then  is:  (1)  AbundnuC  proHfen- 
tion  of  the  glandular  epithelium,  producing  cells  stualler  aud  roiUnW 
tlian  normal ;  (-)  deslruetion  of  the  limiting  basenient-membrme. 
(i)  passage  of  soraeivhat  altered  epithelial  cells  into  the  conncotit*- 
tis.sue  .spaces.  On  these  three  cardinal  points  the  whole  histon  J 
malignant  growth  depends. 

1.  The  new  eletnents  resulting  from  cell-proliferation  are  not  cdj 
more  emhryonic  in  their  character  than  the  original   cells,  but  btn 
been  seen  to  show  mncDboid  changes  and  movements  like  those  of  1«- 
cocytes.     Ilencc  they  will  possess  sojne  p<ivver  of  migration  ilirou;^ 
the  tissues.     We  suppose,  then,  that  ttie  eells  in  the  connoctive-tis.ur 
spaeesj  at  hd  are  derived  by  continuous  growth  I'rom  the  original  gbii- 
dular  epithelium :   and  insinuate  themselves  the  more  reatlilv  into  «ke 
tissue  spaces  froui  their  small  size  and  almorraal  njobilitj*.     But  this 
view  is  not  uiiivei'sally  accepted.     According  to  s<jnie  )>athoIo<'ist&,  tk* 
outiying  cells  are  elements  of  the  connective  ti.ssue  niodifietl  so  as  lo 
become  cancer-cells.     This  modification  ii*  supposed  to  be  caused  br  • 
specific  virus  .■spreading  from  the  original  cancer-eel Ls  to  the  tisrte- 
cells — a  view  first  propounded  by   Virchow  more  than  twentv  yeus 
ago.     The  influence  of  the  original  cells  has  al.so  been  representnl  u 
a  aeminal  inflwence,  like  thai  of  the  sperm  cell  or  the  germ  rrll  m 
fecundation.     The    validity   of   these  explanations   depends   entirtlj 
upon  whether,  a8  a  matter  of  fact,  the  growth  does  extend  bv  t lie  con- 
version of  the  neighborirrg  connective-tissue  cells   into  cancer-eelL*  tr 
not.     This  question   is  not  conclusively  settled.     Some  puth<»loj;i!-i' 
still  hold  that  tissue  cells  of  various  kinds  may  be  so  modified  by  ili* 
neighhorliond  of  a  growing  tumor  as  to  become  converted  into,  or  l« 
produce,  cell*  like  those  of  the  tumor.     The  more  generally  aoctpinl 
view  is,   liowever,  that   all  new  elements  are  formed   by   continii'ii? 
growth  frora  the  existing  cells  of  the  tumor;  and  that  tiie  coniif-  f  >' 
tissue,   if  altered   at   all,   shows    only   hyperplastic   or    inHamnint  n 
changes.     The  appearances  will,  no  doubt,  often  bear  eitber  int'  .'■|ir- 
tation,  but,  as  an  expression  of  individual  judgment  raaj  beexpi*c:f»l 

I  must  say  that,  after  cxairiiiiing  many  primary  and  secondary  ca»- 
cers,  I  believe  tliat  nil  the  cells  of  such  tumors  are  formed  hv  n'lit  r- 
uoua  development  from  tliose  originally  affected  ;  and  that  there  is  r\« 
such  thing  as  conversion  of  the  elements  of  the  conDective  «r  otbtf 
surrounding  tissues  into  cancer-cells. 

2.  The  second  point  is  the  destruction  of  the  basement-tuembmix* 
which  permits  cellular  infiltration  of  the  surrounding  tissues.  IN*' 
cisely  how  this  is  caused,  we  do  not  know;  but  it  would  appear  t«»  fcr 
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Bomt'thing  more  than  the  mere  mechnnicail  efTect  of  pressure.  The 
growing  cancer-ce!l»  apyiear  to  have  »  jiower  of  softening  or  flissolving 
llie  tissues,  so  as  to  facilitate  their  own  pri.ssage  througli  them.  This 
power  may  bo  presiiraetl  to  iiepen<l  upon  some  ferment  siibsttince  pro- 
diteed  by  them,  thougli  no  siioli  KubstiuH'C  is  known.  The  supposition 
is.  iirtwever,  siipportiHl  hy  tlie  fact  tliat  most  cancel's — by  wliich  class 
of  growtlis  this  infiltrating  [)Ower  is  chiefly  shown — are  derived  from 
the  epithelium  of  aeereting  glands.  Owing  to  this  power  of  lessening 
the  resistance  of  the  surrounding  tis.Hues  malignant  •:rowths  are  able 
to  pass  througii  the  natural  boun«h»ries  of  orgnns,  and  affect  neigJi- 
boiing  parts  by  direct  continuity.  This  is  most  strikingly  seen  in 
certain  malignant  lymphatic  tumors  which  originate  in  the  inediasti- 
nutn,  probably  in  the  lymphatic  glands,  and  »oak  through  into  the 
lungs,  the  pericardium,  and  even  into  tlie  heart  itself.  It  is  also  seen 
in  ahdtnninal  cancers  when  they  leave  the  organs  in  which  they  origi- 
nate, an<l  pass,  fi>r  instance,  into  the  vertebral  column.  Many  other 
simitar  instances  might  be  <pn*teil. 

3.  The  considerations  above  mentioned  sufficiently  explain  the  third 
cardinal  point,  namely,  the  penetration  of  tissues  bv  the  cells  of 
malignant  growths. 

General  Infeotlveneas  of  Malignant  Growths. — The  property  of 
ifeiU'T'tlhitiioji,  or  becoming  tmnsmitted  to  distiint  parts,  which  malig- 
nant tumors  possess,  i.s  really  an  extension  *if  the  property  of  hcnl 
infectjveness ;  in  virtue  of  wliieh  they  grow  into  the  iymplialics  and 
bloodves,sels  and  thus  pass  along  the  ordinary  channel;-:  of  eirculation 
to  other  parts  of  the  body.  The  distribution  by  lymphatics  is  a  direct 
consequence  of  growth  into  the  connective-tissue  spaces,  since  these 
minute  channels  open  directly  into  the  lym[ihatics,  Hence  we  find 
that  after  the  connective-tissue,  the  nearest  lyraph-glnmls  are  the  first 
parts  to  be  affected. 

Ilowdois  the  tmngnniission  take  placeV  Is  it  that  the  advancing 
columns  of  cells  grow  continuously  along  the  lymphatics?  Or  that 
small,  mobile  cells  are  rolled  along  with  the  lymph-current  in  tlie 
sanjc  way  as  ordinary  leucocytes?  Or  is  there  something  transmitted 
different  from  cells,  which  has  the  jiower  of  stirring  up  secondary 
growths  in  the  parts  to  which  it  is  conveyed?  It  is  probable  that 
both  the  two  first  mentioned  modes  of  transmission  actually  operate; 
though  the  seconil  is  the  more  usual  :  but  there  are  no  facts  in  sup- 
port of  the  thinl  method.  To  this  topic,  however,  we  must  recur 
again. 

Distribution  by  the  blood- channels  is  effected  bv  the  malignant 
growth  pentrating  the  walls  of  capillaries  or  veins,  aiiii  forming  m:is.He3 
inside  these  vessels,  small  portions  of  which,  perhaps  individual  cells, 
arc  carried  away  by  the  blood-current  and  lodged  in  sniall  arteries, 
pulmonary  or  sytemic,  where  they  fonn  embolisms  (see  Chapter  VII.). 
Though  the  precise  mode  of  distribution  is  often  traceil  with  diffi- 
culty, the  order  of  frequency  in  which  different  organs  are  affected  by 
.secondary  growths,  and  the  anatomical  changes  in  the  part.s  affecte*!, 
show  that  this  purely  mechanical  process  is  the  chief  factor  in  the  dis- 
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tribution  of  secondary  growths.  Thus  the  most  frequent  sitaatiuD  J 
Becond;ir_v  growths  ia  in  the  lungs,  when  conveyance  takes  plarrlij 
systemic  veins.     When   the  primary  growth   is   in    orgur  'vi 

with  the  portal  sysJtem,  secondary  growths  are   found    < '<  it 

liver.  When  the  distribution  is  more  genenil,  and  the  94-ciax'iu} 
formation  or  metastasis  takes  place  in  such  au  organ  as  the  kidjier. 
the  secondary  growth  may  be  traced  to  the  afferent  arterioJeu  wtc 
nected  with  the  Malpiglitan  bodies.  In  all  these  respects  the  |JjeiJC>o- 
ena  are  simitar  to  tliojie  of  ovdiiiftry  einholisni. 

Another  argument   in   favor  of  this  being  cssentiitllv   u.  ui> 
process  is  that  the  prudiiction  of  secondary  growthy  is  nut  \ivr 
the  tumors  usually  called  malignant,  or  those  which    have  umch  loal 
infcctiveness,  but  is  sometimes,  though  rarely,  observed   in  lhec«seV 
simple  tumors. 

Oartilaginou.s   tumors,   for   instance,   in   rare  cnse?,    grow   i' 
veins,  and  thus  form  embolisms  in  the  lungs,  whicli  become  <>t'< 
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Mixle  of  fonuuiiitu  oCiiociiuilui'y  eai'tila^iui.iij»  ciiiiii.>r»  in  llie  liin!<  (ufU't  O.  VV  i.«-i<  . 

A.  embolic  intis!' 4if  curtilaiKinoaa  tumor  in  branch  of  pulmonar)r  arierjr  <  B>  tiniikr 
mMt  growing  thrniixh  Ihu  wnUii  uf  llic  pulmonaiT'  Teasel  uud  forming  ■  •erk^atl*^ 
tumor. 


tumors.  In  Fig.  38  is  shown  a  cartilaginous  embolism  in  the  pulmo- 
nary artery  occupying  a  large  and  several  smaller  branches.  At  B 
it  is  seen  that  such  a  mass  does  not  remain  as  a  passive  block,  but 
grows  out  through  the  walis  of  the  vessel  in  which  it  is  lodged. 

Of  late  years  several  instances  have  been  reconled  in  which  tltf 
simpie  tumor  or  hypertrophy  of  the  thyroid  gland,  called  goitre  or 
brotichocele,  hai  given  rise  to  second;in'y  turaorii  precisely  rescmblitig 
the  thyroid  in  structure,  neither  the  primary  nor  the  secoiid:irv  tnmurt 
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showing  any  approach  to  cancer.  In  one  case  u  smnll  muss  of  gland- 
'■tnurturt'  was  seen  growing  into  a  vein  within  tlie  thyroid. 

Among  malignant  twniors  this  mode  of  secondary  distribution  is 
most  conunonly  seon  in  sarcoma,  and  the  embolic  process  is  often  dis- 
tinctly traceable.  Cancers  uf  the  abdominal  organs  often  form  masses 
of  new-growth,  known  as  eaneeruiis  thrombi  in  the  ftortal  vein,  from 
which  nnisses  are  conveyed  into  the  liver;  and  eiincei-s  of  the  kidney 
rather  freijucntly  form  sitnihir  masses  in  the  remit  veins. 

In  all  tliese  cases  the  mechanical  nature  of  the  process  is  unmistak- 
able. When,  however,  secondary  growths  are  more  numerous  and 
widely  distributed,  the  relations  are  not  so  obvious;  an<l  it  hits  been 
auppnsed  tlial  tlie  secondary  pn^Juetion^i  are  not  really  metiistatie,  but 
result  from  the  same  cause  as  produced  l!ie  original  tumor.  But,  on 
the  general  principle  of  explaining  the  obscure  by  the  clear,  it  is 
reasonable  to  suppose,  unless  there  is  evidence  to  the  contrary,  that 
process  is  in  all  eases  the  same.  Sometimes  the  embolic  particles  may 
be  small  enough  to  pass  the  pulmonary  eapillanes  without  being 
arrested  there,  and  be  afterward  dcfxjsited  in  other  organs. 

Wliy  some  organs  rather  than  others  should  be  the  seat  of  secondary 
tumors  is  not  clear,  b'.it  there  are  probably  some  affinities  not  yet 
explained  between  the  tissues  of  the  primary  growth  and  those  of 
certain  other  organs,  so  that,  tliough  the  cells  may  be  carried  to  all 
parts  of  the  body,  they  only  take  root  and  grow  in  certain  parts. 

Structure  of  Secondary  Growths. — There  is  the  most  strikii^g  iden- 
tity between  the  structure  of  the  original  tumor  and  that  of  all  those 
which  are  formed  from  it.  The  most  definite  forms  of  cells— such  as 
squamous  epithelium,  or  cylindrical  epithelium — and  their  precise 
armngenK'fit,  as  forming,  for  instance,  tubular  gland-structure  or 
closed  follicles  like  those  of  the  thyroid,  are  all  reproduced;  and.  what 
is  still  more  remiirkable,  the  physiological  properties  of  the  tissue  also 
recur  again.  The  epidermis,  for  instance,  retains  its  tendency  to 
horny  degeneration,  both  in  primary  and  secondary  tumors.  Mam- 
mary gland-structure  retains,  in  secondary  tumors,  its  tendency  to 
fatty  metabolism.  The  form  of  cancer  called  colloid  always  shows,  in 
its  metastntic  growths,  the  same  colloid  degeneration  as  in  the  primary 
tumor,  and  so  in  other  cases.  Conswpienlly  it  is  often  jtossihie,  frouv 
the  structure  of  secondary  tumors,  to  say  »ii  what  organ  the  primary 
tumor  originated. 

Some  of  these  points  are  illustrated  in  Fig.  30,  which  represents  a 
secondary  growth  in  the  kidney,  derived  from  a  primary  adenoma  or 
tubular  ghind-tumor  of  the  liver. 

An  afferent  arteriole  is  seen  to  contain  cells  cpiite  unlike  its  own 
normal  elements.  These  new  cells  at  two  places,  ti  and  6,  grow 
through  the  wall  of  the  vessel,  and  appear  on  the  outer  side  in  the 
form  of  a  cylindrical  epithelium.  The  wliole  Malpighian  tuft  and 
arteriole  are  studded  with  nuclei,  showing  active  proliferation,  and 
there  is  intense  liypemertiia.  When  the  growth  is  complete,  it  forms  a 
tubular  gland-structure  like  Fig.  40,  reproducing  the  original  tumor 
of  the  liver.      Here  we  see  tliat  direcilv   the  metastatic  cells  begin 
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to  grow  tbey  recar  to  their  original  type,  aud  cause  the  ovnntftm^ 
tissue  to  grow  round  them  so  as  to  form  »  stractare  like  the  prinn 
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Scc<)itilarr  unilH>1ir  tcrowth  in  tlie  kiflaxy,  derirurt  rniiu  «<lrnoma  of  liT< 
a,  nrteriol«  omidiiniiist  (•*>lls  of  Itic  ni'W-growtli  which  infillnil^  (he  waIIb:  i^.  tniujn 
»r<<:rifili'  piilcriiiK  Molf>iffhinii  lull,     Fnini  nni-  *id«;  colutiiiiiir  relU  i;rowiuit  into  «  tan- 
iferoun  tiihe;  c,  Mal|iighiuii  tiilt  with  ahuii<iant  nacIiM ;  r/,  uriniferouii  tube»  uiiaIUtW. 
The  iImuch  nrt*  rtiiKurgi-d  n-jih  blmxl. 

tumor.     SiiK'<*  ilio  new  cells  must  gmw  in  tlic  place  of  the  cells  of  the 
or^iiM  iij  wliitii   ihcy  lodge,  such  as  renal  eitithelium,  they  will  oftio 

appear  to  arise  fmni  tniiisformation  of  th«e 
iatlcr  ck'tiicnts;  hut  in  the  specin)rn  fn^n 
wliicli  the  figure  was  taken,  though  there 
were  numerous  .secon<lary  jrrowths.  I  coiiM 
never  trace  iiny  intermotiiate  fomis  hetirorn 
tlie  renal  epiiheliura  and  that  of  the  ne»- 
growtli. 

Specific  or  Parasitic  Theory  of  Malig- 
nant Tumors. — Tlie  chief  argument  m 
favor  of  llip  llieorv  that  nialigtinnt  growth* 
arc  pruduced  by  snnie  specific  viras  \At 
those  ef  infective  intlnniniation8«  jin-^  ■• 
pywmia  or  tubercle,  or  those  of  .-| 
fevers,  arc  somewhat  as  follows. 

All  other  alleged  causes  of  tiinttor-gnmib 
in  general,  or  of  malignant  growth  in 
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of  kltlDoy.  showing  .M.mpieu.i     "'«>■-  »^y  inade(|iiaie  to  explain  the  phi  i 
•irnciurc.  ena  which  we  have  called  locnl  and  geuej 
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itifectiveness.  The  growth  luirj  extension  of  nialipiiaiit  growths  Jo,  on 
the  othrr  hand,  resemble  the  (.■orresponrHng  piieixnnena  in  ilie  liisen.ses 
above  mentioned.  In  t!ie  one  chiss,  as  in  the  otlier,  the  morbid  pro- 
cess begins  at  one  spot  and  spreads  in  tlie  first  instiincc  by  direct 
eontigiiity  to  neig;hhoring  parts,  afterward  by  the  lyuipliatic  nnd 
blood-cbanneb  lo  distant  parts,  It  must,  therefore,  be  siippostd  that 
in  all  (asps  some  specific  excitant  of  growth  is  conveyed  from  one  part 
to  anotlier. 

Again,  the  analogy  of  the  tumors  produced  in  plants  by  animal 
parasite!*,  namely,  galls  and  the  like,  is  also  quoted  to  show  that 
tumors  may  be  produced  by  specific  parasites,  each  of  which  gives  rise 
to  a  characteristic  kind  of  growth. 

Sir  James  Paget  supposes  that  there  is,  in  the  first  instjincc.  a  con- 
stitutional infection,  of  which  the  growth  called  a  cancer  is  the  local 
manifestation.  But  the  more  usual  way  of  presenting  the  parasitic 
theory  ti.ssumes  tliat  the  disease  is  local  in  the  first  instance,  and  after- 
ward becomes  nutre  or  less  general. 

Against  these  arguments  it  is  urged,  first,  that  iiialigiumt  tumors 
differ  from  those  ihseases  witli  which  they  are  compared  in  not  being 
contagious  to  man  or  inoculable  on  any  other  animal.  Tl»e  alleged 
instances  of  transference  of  cancer  trom  one  person  to  another  are 
exceedingly  rare,  and  not  free  from  ambiguity.  Moreover,  very 
numerous  experiments  have  been  made  with  tfio  object  of  inoculating 
cancer  or  other  tumors  into  aiiitrinls.  Not  only  have  growths  from  the 
human  body  been  grafted  on  animals,  but  also  growtlis  from  the  .«iinie 
species  of  animu!  as  that  e.xperimcuteil  upon,  and  the  experiments  have 
been  varied  in  many  ways.  The  results  have,  however,  been  in  every 
instance  entirely  negative.  Sometimes  the  engrafted  ti.s.sue  lias 
retained  its  vitality  for  a  short  time  ;  hut  it  has  not  preserved  its  char- 
acters or  given  rise  to  anv  continuous  growth.  Now.  since  the  final 
proof  that  a  disea.se  such  as  tubercle,  for  instance,  is  a  specific  one,  And 
proihifcd  by  stime  definite  virus,  is  that  it  can  be  transferred  frfim  one 
subject  to  another,  tiie  impossibility  of  tlius  transferring  malignant 
tumors  i.s  a  strong  argument,  though  not  a  decisive  one,  against  their 
specific  nature. 

In  the  second  place,  the  eflect  of  the  known  poisons  of  specific  dis- 
eases, and  especially  of  microiirgaiiisms,  is  somewhat  ilifTeretit  from 
what  we  see  in  cancer.  Their  action  is  essentially  injurious  or  destruc- 
tive. They  do  not  cause  overgrowths  directly,  but  only  produce  the 
reactive  growth  of  infiammation  above  described.  This  growth  is 
accordingly  limited  to  the  connective-tissue,  nnd  is  not  essentially 
different  from  that  set  up  by  other  injuries.  When  something  in  the 
shape  of  a  tumor  is  produced,  as  iti  the  granuhitioii  tuuiors,  this  is 
really,  as  shown  elsewhere,  a  kind  of  cvaggeratinl  scar.  But  in  the 
most  malignant  tumors,  namely,  cancers,  the  essential  part  of  the 
process  is  a  primary  overgrowth  of  epithelium,  the  other  tissue- 
changes  being  secondary  :  and  no  specific  virus  or  microorganism  has 
yet  been  fijund  which  h;is  the  power  of  directly  causing  an  overgrowth 
of  this  kind.      Hence,  it  seems  improbable  that  the  specific  cause  of 
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cancer,  if"  there  Ije  one,  is  of  the  same  kind  as  tbe  causes  of  fhe  Jb- 
eases  above  mtnrioncd. 

Miiriy  elaborate  researches  have  been  made  to  find  cml  wheUrt 
inalif^nant  tumors  contain  any  parasitic  organisms.  The  latest  «ui 
among  the  nnost  coiupb^te  are  those  of  Me^srsi.  Balinuce  and  Shalii^L 
They  took  porttoti;*  of  cancenms  mid  other  tuiuors  and  placed  ilita. 
(adopting  methods  else\vlj<;re spoken  of)  in  circunistaucei^  un>ler  wlmi 
any  microorganisms  if  present  would  grow.  But  iu  no  case  wa.*  anir 
such  growtli  observed.  The  conclusion  was  tliat  the  tumors  rontamwi 
no  microorganisms,  and  the  experimenters,  while  believing  tlint  cu>- 
oer  is  cause<l  by  some  pariisite,  conclude  that  if  a  ve^etalde  panwile 
be  the  cause  of  cancer,  it  nmst  he  one  of  a  very  special  kin<l.  Thej 
suggetit  that  a  minnte  aniuisd  punisite  mjiy  be  concerned,  though  rif 
this  there  is  rm  eviitetice. 

On  the  whole,  we  mu»t  conclude  it  to  be  improbable  that  cancer  a 
cnused  by  a  uiicro*'>rganisra  like  that  of  tubercle;  but  it  is  not  iutpo^ 
sible  that  there  njay  be  some  specific  poison  of  a  diflFerent  kind.  Th* 
question  can  only  be  decided  by  the  actual  discovery  of  such  a  fvoisoo. 

Criterion  of  Malignancy. — LocaS  and  general  infcctiveness  maj 
accordingly  be  taken  as  the  criterion  of  what  is  meant  by  the  uuiig- 
nancy  of  tumors.  The  other  so-csiiled  malignant  propcrtiea  are  m^ 
ters  of  degree. 

Tbe  curability  or  incurability  of  malignant  growths  depends  vrn 
much  upon  mechanical  causes.  Ejtithelioma  of  the  skin  has  K«n 
curtd  in  vei'y  nixny  nises  by  early  removal,  though,  if  left  alone,  il 
may  produce  the  wliole  train  of  miilignant  symptoms.  When  occur- 
ring on  the  tongue  or  other  moist  parts,  prognosis  is^  aecortiing  lo 
surgeons,  much  less  hopeful,  because  the  moisture  and  greater  vascu- 
larity of  the  site  favor  extension  of  growth  into  surrounding  parts. 
Mammary  cancer  hns  such  un  extraordinary  power  of  infecting  tb* 
.surrounding  parts  at  tin  early  period  of  growth,  that  it  is  rarelv,  if 
ever,  successfully  cured  W  operation.  But  there  is  abun<]ant  evideoor 
that  recurrence  tjikes  place  from  smal!  portions  of  growths  infiltrated 
into  the  tissues,  and  heilce  left  behind  at  the  operation.  Again,  cjet^ 
tain  forms  of  sarcoma,  especially  the  spindle-celled,  when  thev  occur 
on  the  Itndis.  may  be,  iind  often  are,  com[)leteIy  cure<l  by  operation. 

Formerly  they  were  not  thought  to  occur  in  internal  organs,  and 
hence  a  coiuijaratively  favorable  estimate  was  formed  of  their  malijr- 
nancy  ;  but  since  sarcoma  of  internal  organs  has  been  better  studied, 
it  ha.s  been  fonnd  that  in  these  situations  such  growths  are  highlv 
malignant,  as  they  cannot  be  extirpated  at  an  early  stage. 

Structttre  as  a  Criterion  of  Malignancy. — If  the  only  test  of  » 
tumor  bi'ing  malignant  is  its  local  and  general  infectivenes.**.  it  in  evi- 
dent thiit  this  ia  not  a  convenient  basis  for  a  diagnosis  or  classiti ration, 
since  these  properties  are  not  always  a[)parent  till  revealed  b?  the 
courae  of  events.  Hence  it  has  for  a  long  time  been  the  aim  of  path- 
ologists to  discover  what  structure,  if  any,  is  always  associated  witi 
malignant  properties. 

An  enormous  number  of  researches  have  been  made  in  this  Jirec- 
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tion  during  the  hist  twenty  or  thirty  years,  of  which  the  re!?«]ts  may 
perhaps  he  sumuied  up  as  follows : 

1.  There  is  no  one  kind  of  structure  charactcristii-  of  malignant 
growths. 

2.  Nevertheless,  it  may  be  broadly  said  that  maltirrvant  growths  sire 
nearly  always  lieterologous  nr  atypical  in  structure;  and  that  typical 
or  fiiinple  growths  having  such  properties  are  t|iiite  exeeptioniiL  The 
only  simple  tissue  tumor  which  is  at  all  frequently  malignant  is 
lymphoma. 

3.  The  great  majority  of  malignant  growths  fall  under  one  of  two 
heads:  either  sarcoma  on  the  one  haosi,  or  rajvinouni  on  the  other. 
The  latter  has,  as  a  rule,  more  definitely  ntaligtiiint  projiertics  than 
the  former. 

These  results  do  not  give  a  convenient  basis  for  practical  rules  of 
diagnosis,  but  we  may  argue  with  great  certainty  from  structure  to 
properties  by  adopting  a  somewhat  different  method. 

This  method  may  be  described  as  that  of  niitural  history. 

It  consists  in  arranging  all  morbid  growths,  for  purposes  of  classifi- 
cation and  diagnosis,  according  to  structure  solely,  and  not  according 
to  properties.  Having  thus  determined  the  sy.'tematio  position  and 
name  of  the  growth,  we  have  access  to  all  the  existing  recorded 
experience  respecting  its  properties.  This  experience  is  now  so  large 
that  there  is  usually  no  difficulty  in  predicting  from  the  structure  of 
u  growth  what  is  likely  to  be  its  history,  and  its  effect  on  the  organ- 
ism, except  in  the  improbable  case  of  our  having  to  deal  with  an 
entirely  new  form  of  tumor.  Just  so,  in  botany  and  zoi'dogy,  when 
we  have  determined  the  name  of  a  plant  or  animal,  we  can  learn  all 
that  is  known  about  its  habits  and  properties;  but  we  do  not  find  it 
necessary  tc*  cla9.sify  plants  according  as  they  are  useful,  [wisonous  or 
harmless,  auiiuals  as  rapacious  or  innocent,  and  so  forth.  Hence  an 
anatomical  or  structund  (dassification  of  tumors  is  that  which  has 
most  practical  value,  us  well  as  the  highest  .scientific  completeness. 

Classification  of  New  Growths. — On  the  principles  explained  above, 
all  new-growths  may  be  classified  as  follows. 

A.  MKSota.ASTio  Tumors. 


I.   Simple  or  Typifal  liifxni-  Tumarg. 

1.  Fibroma, 

Variety  (.Jlioma. 

2.  Myxoma. 

3.  Lipoma. 

4.  Cbnnilroma. 

5.  Osteoma 

G.  Lymphoma. 

7.  Myoma. 

8.  Neuroma. 
!'.   Aiijiioma. 
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II.  Atypical  or  Aberrant. 
Sarcoma. 

B.  Epithelial  Tumors. 
(Epiblastic  and  Hypoblastic.) 

I.  Simple  or  Typical. 

1.  Simple  epithelial  growths. 

2.  Adenoma. 

II.  Atypical  or  Aberrant. 

1.  Squamous  Epithelioma. 

2.  Glandular  Carcinoma. 

C.  Teratoid  Tumors. 

(Tumors  composed  of  several  different  kinds  of  tissue;  forming  ai 
imperfect  organ,  or  imperfectly  developed  individual.) 


CHAPTER   XIX. 


SIMPLE   TISSUE  TUMr)ES. 


1.  Fibroma  or  Fibrous  Tumor. — By  this  term  is  understood  a 
tumor  compost'il  of  fibrous  connective  tissue. 

These  may  be  met  with  in  most  parts  of  tlie  body  wliich  nomiiilly 
contain  such  tissue,  but  are  conimtmest  in  the  skin :  next  in  the 
sheaths  of  nerves,  in  ovary,  peiiosleura,  and  fast-iK.  They  are  also 
found  less  commonly  in  the  uterus,  the  mamma,  and  other  glands,  as 
the  kiclney.  But  in  glandular  organs  they  gi'ow  from  the  connective- 
tissue  stroma,  not  from  the  gland-cells.  In  order  to  be  calleil  fibroma 
the  growth  must  he  a  definite  node  or  lump,  not  a  mere  infiltration  or 
thickening  of  preexisting  fibrous  tissue.  On  surfaces,  skin  or  mucous 
membrsine,  fibrous  tumors  often  project  as  a  sessile  or  pedunculated 
mass,  forming  a  jiapilloma  or  polypus,  covered  by  the  epithelial  invest- 
ment belonging  to  the  part.  The  affection  called  molhtscum  fibroguni 
furnishes  am  instance  of  such  growths.  It  is  sometimes  combined  with 
a  sort  of  diffuse  bypertr<»pliy  of  parts  of  the  skin,  and  more  rarely 
with  fibrous  tumors  of  other  parts,  ospi-cially  of  nerves. 

Fibrous  turaoi>i  are  broadly  divisible  into  two  gioups;  (1)  hanl  or 
dense,  and  ("2)  soft  or  loose-textured.  The  hitter  have  also  been  called 
fibro-cellular  tumors,  but  as  this  term  has  also  been  ap]>lied  to  my.x- 
oma,  it  is  ambiguous.  The  former  kind  iire  composed  of  dense  inter- 
lacing filtrous  bundles,  sometimes  broad  and  swollen.  They  may  be 
nearly  as  hard  as  carti  Inge,  and  may  resemble  it  in  appearance.  They 
contain  comparatively  few  cells. 

The  softer  kind  are  composed  of  areolar  connective  tissue,  with 
wider  meshes,  and  contain,  as  a  rule,  more  visible  cells,  which  sliow 
the  ordinary  forms  of  fixed  connective-tissue  corpuscles,  with  a  variable 
number  <if  migratory  cells.  There  is  often  also  much  intercelkihir  fluid, 
which  is  albuminous.  But  all  gradations  are  met  with  between  the  one 
and  the  other. 

Ill  both  forms  fibroplastic  cells  are  met  with,  showing  the  formation 
of  fibrous  tissue  by  proliferation  of  the  matrix  or  tissue  in  which  the 
firowth  originutes. 

Fibres  of  elastic  tissue  are  sometimes  seen. 

Fibrous  tumors  are  suliject  to  degeneration,  both  mucous  and  fatty, 
and  in  some  ciu^es  become  calcified.  In  those  developed  from  perios- 
teum true  bone  may  be  produced,  unconnected  with  the  original  bone. 

The  fibrous  tissue  is  often  comhine<l  with  other  tissues,  as  fatty, 
myxomatous,  cartilaginous,  and  museuhir,  forming  mixed  tumors,  or 
•with  embryonic  ti.ssue.  /.  <;.,  with  sarcoma. 

Cysts  are  sometimes  formed  in  filirous  tumors,  especially  in  mucous 
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p'>ly[ii;    and  glands  sometimes  included  in  them,  so   as   lo  prailan 
otlicr  mixed  fonns. 

[Special  namcis  are  given  to  seventl  of  tlie  above  forms,  wliioJi  -•>■'-•• 
themselves  :  as  fibro-saix'Otna.  fibro-lijjoina,  Gbro-iuyoma,  cjf*sto-!i 
adeno-fibroTiiii,  etc. 

Fihro-sarcomi*  is  best  reckoned  with  the  sarcomata ;  and  fibro-m  voom, 


Fio.  41. 


Fi«  -12. 


?§^*^t1!:^ 


Seotioii  ol"  librouB  lunior  (rum  ilie  nkiii,  nlmwinji 
mtna  iihn^  vat  )niigitiii]initlly,  otlieri;  tran^- 
veraely. 


KilimniM 


in  dhralli  of  tit»rTp 
ncuromn 


forming  the  well-knovvu  uterine  fi- 
broiila,  will  here  be  described  under  the 
head  of  nivouia. 

Fibrous  tumors  in  the  sheaths  of 
nerves  are  sometimes  called  neuro- 
fibroma or  false  neuroma.  They  are 
quite  independent  of  the  nerve-fibres 
(see  Fig.  42), 

If  we  remove  the  class  of  fibro-myo- 
inatii,  fibrous  tumoi's  are  not  often  very 
large.  Perhaps  the  largest  forms  are 
some  connected  with  the  ovaries.  They 
are  often  very  numerous;  the  pendu- 
lous tumors  of  the  skin,  called  fibroma 
moUuseum,    sometimes    occurring    by 

liundreds.     Fibrous  tunions  on  nerves,  called  fibro- neuromata,  an 
often  aiuhiple.     But  it  is  a  singular  fact  that  multiple  fibrouf^  ^"*»" 
are  hardty  ever  met  with  except  in  connection  with  these  two 

Fibrous  tumors  are,  broadly  speaking,  never  malignant.  Tiicv  ''  ■ 
not  inf(!et  neighbitring  parts,  or  give  rise  to  secondary  growth*  by 
metastasis;  and  they  are  not  injurious  except  by  mechanical  pre!S8«re. 

The  few  cases  on  record  described  ;u'<  "malignant  fibrous  tutnon. 
were  mostly  sarcomata,  or  at  least  mixed  forms;  but  one  or  two 
genuine  fibrous  structtire  liave  been  describt-d. 

Glioma,  a  groMth  formed  by  increase  of  the  connective-tissue  of 
nerve-centres  (neuroglia)  is,  strictly  speaking,  a  simple  tissue-ta 


(T.  uiialk'ppd  iif*rve-tiit<cr 
n«!r\'e-ful>ea  in  tho  new-gr - 
new  -  growtti    of    I'nnoeottvi-  -  if 
starling  fmni  (leriiieiiriiiui.    (Tnw 
riilli.  ,Sitc,  vol.  xi.) 
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and  irniT  be  regnnJcd  as  a  vsirietv  rtf  fibroma.      But  it  aJso  hns  points  of 
resfiiiljlance  to  surcoma,  iind  some  forms  areuntloubtedly  sarcomatous. 

One  peculiar  form  of  fibrous  growth,  known  as  keloid,  or  more 
accurately  cJnIoui,  must  be  considered  here.  The  type  of  chelnid  is 
un  oniitmry  fibrous  scar,  and  most  of  these  growths  develop  by  hvper- 
trophy  out  of  ii  scar,  but  there  are  eases  of  spontuiieous  cheloid,  not 
preceded  by  a  wound.  The  structure  is  pure  fibrous  tissue;  the  form 
very  irregular. 

Some  persons  have  a  remarkable  tendency  to  the  development  of 
cheloid,  any  wound  or  inilammatory  lesions,  such  as  acne,  producing  u 
growth  of  this  structure. 

The  large  tumors,  called  elephanttaifig  (Arahum)^  formed  m\  the 
.scrotum  and  other  parts  are  usually  reckoned  among  fibromata  ;  but 
some  forms  certainly  are  due  to  pani.sites,  esjiectully  the  socalleil 
lymph-scrotum  or  ntevoid  elepliantinsis,  produced  by  a  filaria  (see  Part 
II.).  In  other  cases  no  such  cause  lias  been  [troved  to  exist.  Tlie 
growth  consists  in  immense  hypGrtro])hy  of  the  cutis  and  subcutaneous 
tis-sue,  with  the  accompanying  vessels,  in  one  or  more  of  the  extremi- 
ties or  the  genitials.  The  mass  thus  consists  chicHy  of  fibrous  tissue. 
Enoruujus  tumors,  weigliing  a  hundred  pounds  or  more,  have  been 
removed.  Tiie  disease  is  endemic  in  certain  countries,  cliicHy  tropical, 
a  fact  which,  in  connection  with  other  evidence,  suggests  that  it  may 
be  es.sentially  parasitic. 

Glioma. — nYperpla,sia  of  the  neuroglia  pro<iuce.s  tumors  which  are 
liardly  separable  from  the  surrounding  ti.ssue,  but  fonn  masses  winch 
may  be  as  large  as  n  walnut  or  rareh'-  larger.  Their  structure  repro- 
ducer the  variations  of  the  normal  neuroglia.  Most  often  we  see 
roundish  or  oval  cells  imbedded  in  u  granular  matrj.x,  and  as  the  pro- 
toj>Iasm  of  the  cells  is  often  seen  with  diificulty,  tfie  elements  may 
appear  to  be  merely  nuclei.  In  some  fonns  branded  cells,  like  tl»ose 
described  as  belonging  to  the  uortiial  neuroglia,  are  seen.  They  vary 
in  the  degree  of  vaacularity,  but  ure  in  general  j>oorly  supjdied  with 
vessels,  and  hence  liable  to  degeneration,  fatty  or  calcareous.  In 
some  cases  there  is  a  good  deal  of  hemorrhage,  which  has  sometimes 
prove<i  fatal.  The  color  is  accordingly  various,  being  either  grayish 
and  translucent,  yellow  and  opafpie,  oi'  more  or  le.'s.s  retl.  Cysts  are 
often  produced  by  softening. 

The.'ie  tumors  are,  on  the  whole,  rare,  and  we  have  .*een  few  speci- 
mens, but  ^'irchow  ilistinguislies  a  hard  «nd  soft  form.  The  bard 
approaches  an  ordinary  fibroma,  containing  nucleated  connective- 
tissue;  the  soft  more  nearly  resembles  myxoma,  and  allows  stellate 
cells. 

The  nervous  elements  take  no  part  in  its  production. 

tJlioma  is  generally  solitary,  ils  growth  is  very  slow,  and  the  symp- 
toms, if  any  produced,  ure  merely  those  of  pressure.  The  part  of  the 
brain  where  it  most  freijuently  occurs  is  iu  the  white  substance  sur- 
rounding the  lateral  ventricles,  especially  the  posterior  cornua,  but  it 
may  occur  elsewliere.     It  does  not  exterul  beyond  the  nerve-centres. 
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ami  in  the  brain,  if  it  reaches  the  meninges,  does  not  penetrate  Jh«a 
It  never  gives  rise  to  secondary  growths,  and  is  distinctly  innocwjt 

This  prowth  is  found  chielly  in  the  brain,  more  rarely  in  fti 
cord,     'rumors  of  simiewhttt  similar  structure  occur  itx  the  rt; 
lis  they  aj)proach  more  nearly  to  sarcoma,  they  are  noticed  atider  tim 
hea<l. 

Glioma  of  the  spinal  cord  is  sometimes  central,  and  produces  tetim 
symptoms,  by  pressing  on  the  nervous  tissue  and  dilatation  of  thf 
central  canal.      But  this  is  a  rare  form  of  growth. 

Combinations  of  cerebral  glioma  with  sarcoma  have  been  met  will. 

2.  Myxoma — Mucous  Tnmor. — This  name  is  given  to  a  tumor  ctm- 
posed  of  tlie  variety  of  connective-tissue  calle<l  mucous  or  gelaiiuuw 
tissue.  In  tliis  the  intercellular  substance  has  a  gelatinous  appearvioe. 
is  usually  semi-solid,  and  contains,  as  its  chief  constituent,  niacin, 
instead  of,  or  in  addition  to,  the  serum,  albumen,  gelatin  or  chondnn 
obtained  from  other  forms  of  ctmnective-tissue.  The  cells  are  stellited 
or  branched,  their  processes  being  joined  together  to  form  n  network. 
This  form  of  tissue  is  met  with  normally  in  the  adult  body  only  in  titt 
vitreous  body  of  the  eye,  but  also  composes  the  umbilical  cord,  li 
al.so  represents  the  immature  condition  of  fatty  tissue  occupying  thf 
place  of  the  subcutaneous  tissue  in  the  f<etU8,  and  also  the  imm^iiBTT 
condition  of  fibrous  connective-tissue.  To  avoid  confusion,  it  is  well 
to  point  out  that  it  has  nothing  to  do  witli  the  mucous  niembnints. 

Fio.  4.1. 


L- 
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Mjxoioa,  ahowing  stellate  or  ntnltipolnr  cells,  witli  trabeculw  of  Turimii 
thickuewcs,  and  a  few  leucocytes  (cariniiii>  otiijniii): 


The  structure  of  myxoma  shows  the  typical  form  of  areolar  eonneo 
tive-tissue,  consisting  of  flat  cells  with  two  or  more  angles  ctmnect**! 
with  prolongations  uuitcd  together  so  as  to  form  a  network.  Thwe 
prolongations  may  be  extremely  delicate  fibrils,  or  mny  be  fibrous 
trabeculue  of  considerable  thickness,   as  in    the   figure.     Therf   »»• 
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besides  scattered  connective-tii^suf  cells  of  le;>s  nintnro  funii.  iind  a 
varialile  miniber  of  uiigratory  luucocytes.  The  fixed  cells  often  con- 
tain fat  globules,  and  thus  tbere  is  an  easy  transition  to  adipose 
tissue. 

Sometimes  tliere  are  a  large  number  of  immature  cells,  which  form 
a  triirisition  to  sjin-fimn.  Tims  the  only  real  difterenee  between  this 
and  (lie  loose  foriti  of  Khroina  is  the  nature  of  the  intiMoellular  sub- 
stance. The  chief  degeneration  to  which  myxoma  is  suliject  is  mucous 
softening,  by  which  |>ortions  may  become  liijueticd. 

Myxoma  is  thus  really  a  variety  of  fibroma,  but  its  near  atfinity  to 
lipoma  is  shown  by  many  specimens. 

Most  myxomata  are  of  a  tolerably  firm  (rehitinous  consistence,  but 
sometimes  the  intercellular  substance  is  so  liquid  as  to  drnin  away 
on  section.  The  color  is  usually  yellowish,  like  gelatine,  but  often 
niitttle<i  with  red,  from  abundance  of  bloodvessels  or  hemorrliage. 
They  are  transparent,  or  nt  least  translucent,  except  in  parts  where 
there  is  fatty  tissue  or  fatty  degencnition. 

These  tumors  are  very  fri'<[ucntly  mixed,  the  min'oiis  tissue  being 
most  rjftcn  conrbiiied  with  fattv  tissui-,  sometimes  with  cartilage,  soine- 
times  with  Hbrous  tissue,  and  a^ain  in  many  cases  with  sarconiii.  The 
lust-named  combiiiati<*n  often  determines  tlie  clianicter  of  the  growth, 
causing  it  to  recur  and  to  be  in  some  degree  malignant. 

Thus  a  ttxraor  of  this  kind  may  give  rise  to  secondary  growths  in 
other  organs,  but  the.se  secondary  growths  will  be  sarcomatous,  not 
myxomatous.     Otherwise  they  are  as  innocent  as  fitirous  tumors. 

My.\nma  grows  from  various  forms  of  connective  tissue,  often  from 
one  of  the  situatioiis  of  falty  tissue,  also  from  intermuscular  septu  and 
fascia,  and  not  unfrcqucntly  from  glands,  more  especially  the  parotid, 
in  which  a  very  characteristic  form  of  tumor,  comixiscd  of  myxoma 
mingled  with  cartihige.  and  olicn  with  surcoma-.structure,  is  found.' 

Some  polypi  of  mucous  surhices  appear  to  have  the  structure  of 
my.xoma. 

The  remarkable  formations  known  as  uterine  moles  or  uterine 
hydatids,  produced  by  a  peculiar  degeneration  of  the  placenta,  have 
also  been  shown  by  Vircliow  to  have  the  structure  of  myxoma. 

3.  Lipoma  or  Fatty  Tumor. — Growths  conqiosed  of  fjitty  tissue  are 
auiKng  the  commonest  of  simple  tuintirs.  This  tissue,  being  one  dis- 
)(osed  to  vegetable  growth,  jiral  liable  to  ruj)id  iiicre:i--Je  or  wasting,  is 
particularly  adaptefl  to  tumor-growth.  Tiiesc  tumors  often  grow  to  a 
great  size,  and  are  sometimes  multiple. 

The  largest  tumor  on  record  belongs  to  this  class,  A  drawing  of  it 
only  is  preserved  in  the  Warren  Anatomical  Museum,  Boston.  U.  S. 
It  was  estimiited  at  about  27")  lbs.:  the  weight  of  the  subject,  a 
woman,  without  the  tumor,  being  estimateiJ   at   less  than   1<H*   Ihs. 


'  Til*  specimen  figurwl  u'x>ve  was  takeu  from  a  very  Urge  myxo-li])om(i  of  the  gluteal 
region,  which  waa  remarkalile  ««  haviuj;  grown  on  the  •'ite  of  a  fatly  tumor  previouoly 
remove<l.  }t  thuwi  the  structure  as  »>en  without  any  hnrdonini;.  Hanleiied  stud 
foutract«d  fijieciineas  look  very  diff<.>r<?ut  (Trons.  Path.  Soc  xx.  34^). 
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Others  are  recorJetl  as  luiving  weighed  20,  30  or  even  55  lba.(Cu4{/rr 
Forster)  and  more. 

These  growths  ure  soinetiinea  very  numerous.  Multiple  fal^r 
tumors  are  not  urirunimouly  observed  nn  the  surface  of  the  Ixjdv.  «*< 
the  number  of  twenty,  thirty,  or  more.  In  one  remarkable  case  n- 
corded  by  Brocano  less  than  2O!S0  were  counted.  >vLicL  were  beliftfi 
to  be  secondary. 

However  large  or  however  numerous,  fatty  tumors  always  gro 
from  preexisting  fatty  tijisue. 

The  apparent  exceptions  to  tliis  rule  are  explained  by  tlie  octnr- 
rence  of  adipose  tissue  in  unusual  situations,  as  within  the  Bpinid  cuiaL 
or  by  the  growth  of  tlie  tumor  from  its  original  scat  into  a  ueigLb(inj<2 
cavity,  'fhe  latter  i.s  .seen  when  a  growth  from  the  subserous  finj 
tissue  penetrates  into  the  peritoneum,  or  one  from  the  sabmucoB» 
projects  on  a  mucous  surfaee. 

Adipose  tissue  is  remarkably  prone  to  hyf)ertrophy,  and  thrrt 
appears  to  he  sometimes  a  connection  between  excessive  production  of 
fat,  or  obesity,  and  fatty  tumor.  The  latter  sometimes  occurs  nt  ilir 
time  of  life  at  which  corpulence  begins,  and  sometimes  in  corpulrut 
people;  but  often  the  comlitions  are  reversed,  or  no  connection  can  It 
traced.  Generally  speaking,  no  cause  can  bo  assigned  for  the  prodiw- 
tion  of  a  fatty  tuumr.  In  a  few  cases,  traumatic  influence,  siioh  n 
friction,  may  be  regarded  as  having  some  inlluence. 

The  form  of  fatty  tumor  may  be  either  a  solid  mass  or  petlunculnteJ. 
like  a  polyj)Us.  In  cither  case  the  growth  is  composeil  of  a  nutnl>ef 
of  small  lobules,  lield  together  by  highly  va.scular  connectivr-tiMd^ 
One  rouinrknlde  form,  called  diffuse  lipoma,  consists  of  irregular,  ill- 
defined  iiiiusses  without  a  cupstile,  intermediate  between  a  true  tmmt 
and  ordinary  hypertri»j>liY  of  adijtose  tissue.  It  has  occurred  for  th# 
most  part  in  excessive  drinkers,  and  is  most  always  situated  on  thi 
nape  of  the  neck,  submaxillary  regions,  and  shoulders,  and  arranged 
with  remarkable  symmetry. 

Metamorphoses. — Fatty  tumors  are  liable  to  calcification^  cT«tie 
degeneration,  and  uleoratinu.  The  cysts  in  them  appear  to  be  foniM»l 
by  a  softening  process.  They  souietinies  contain  oil  ;  more  generally 
serous  tluid. 

The  fatty  tissue  is  not  uufrequently  combined  with  other  forms  of 
connective-ti.ssiie,  especially  fibrous,  as  meutioned  above,  and  fimt- 
times  with  myxomatous  tissue.  There  are  also  in.stanccs  of  eomhina- 
tion  with  sarcoma.  In  tlie  latter  two  cases  the  history  of  the  ^r«tirfi 
may  he  expeoteit  to  be  tliat  of  inyxoma  or  sarcunn  respectively. 

With  the  exceptions  ju.st  mentioned,  fatty  tumors  are  strictly  inn.v 
cent.     They  do  not  recur  after  removal,  or  give  rise  to  sec. 
growths,  nr  auise  constitutional  debility,  or  produce  inconvebii-iir^. 
except  by  mechanical  pres-sure. 

In  the  very  few  ciuses  where  secondary  growths  are  ree«i!  " 
as  Broca's  cjuse  mentioned  above,  there  may  probably  have  >■  ■■ 
combination  with  sarcoma  in  the  original  tumor. 
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Chondroma  or  Enchondroma, — C;irtibiu;irKnis  Tumor,  Tuinm-s 
C(iiii])OJ?fii  of  curtilage  may  if  p  roil  not'  tht  several  varieties  of  tnjrimvl 
cartilage,  but  those  of  hyuline  cartibigc  ure  tlie  connnonest. 

These  tumors  would  seem  at  first  to  constitute  sui  excefdiou  to  the 
law  of  homologous  growth,  since  they  very  rarely  take  their  rise  from 
permanent  cartihige,  ajiJ,  in  fuot,  consiilerahle  cartilaginous  tumore 
never  thus  originate.  But  this  exception  is  easily  explained.  Carti- 
lage being  a  non-vascular  tissue  lias  no  power  of  giving  nourishment  to 
a  new-growth.  It  is  a  barren  soil,  (irowthi;  which  originate  in  it 
reacli  no  great  size. 

Certain  outgrowths  of  pernument  cartilage  are  not  unfretjuently 
observed,  which  liave  received  the  distinguishing  name  of  Ecrkon- 
(Irons,  Tliey  represent  n  simple  hyperplasiia  of  the  structure,  and 
are  with  difficulty  separated  from  mere  enlargements.  They  seldom 
take  the  form  of  distinct  tumors,  and  when  they  do  so,  do  not  reach 
any  considerable  size,  being  usuully  not  larger  than  a  pea :  the  largest 
descriibed  being  of  the  size  of  a  walnut  or  thereabouts. 

They  have  been  found  on  the  cartilages  of  the  ribs,  where  email 
tiutgrowths  of  cartilage  are  very  common,  also  on  synchondroses,  such 
as  the  pubic  symphysis,  on  the  intervertebral  cartilages,  and  on  the 
cartilages  of  the  larynx  and  trachea.  They  are  not  f^enerally  of  any 
importance.  Sometimes  they  become  ossified  and  appear  as  bony  out- 
growths. 

A  remarkable  form  of  ecchondroeis  is  seen  in  the  "free  cartilages" 
of  joints,  whicti  have  a  s[iecial  surgical  interest.  Though  these  do  not 
probably  all  originate  in  tfie  same  way.  some  are  apparently  cartilagi- 
nous outgrowths  which  first  become  pedunculated,  and  then  detached. 

Enchondroma,  or  cartilaginous  tumor  jiroperly  so-called,  may  arise 
from  various  forms  of  connective-tissue.  Three-fourths  or  four-fifths 
of  all  cases,  according  to  C  0.  Weber,  originate  in  hone  (but  not 
from  tlie  articidar  cartilage.^). 

The  remainder  originate  in  fibrous  connective-tissue,  such  as  mus- 
cular fa'^eise,  etc.,  or  more  often  from  certain  glands,  among  which  the 
testicle  and  the  parotid  are  most  often  affected. 

A  considerable  number,  about  one-half,  of  such  tumors  have  their 
>tarting-jjoint  in  some  injury,  such  as  a  fracture  of  bone.  In  euchou- 
drnnia  of  the  testicle  the  proportion  of  cases  with  a  traumatic  origin 
is  still  larger.  V'irchow  ujany  years  ago  suggested  that  chondromata 
of  bone  might  originate  in  masses  of  j>rimitive  cartilage  which  had 
remained  iiuossifie<l,  and  more  recently  has  demtmstrated  the  existence 
of  snch  isolated  nias-^es  of  cartilage  in  mature  bone.  We  must,  then, 
sup[»ose  that  the  injury  chances  upon  such  a  mass  of  cartilage,  which, 
in  eonse([ueuce,  becomes  va.scuhirized  and  grows. 

They  are  sometimes  multiple,  this  peculiarity  being  especially  seen 
in  cartilaginous  growths  of  the  fingers;  sometimes  in  other  bones. 
The  proclivity  to  produce  such  multiple  enchondromata  ia  sometimes 
hereditary. 

Other  mixed  forms  are  found,  containing  fibrous  tissue  mixed  with 
the  cartilage,  or  again  containing  sarcomatous  tissue.     In  the  latter 
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oise  the  prapertios  of  the  tumor  are  mainly  determined  by  die  su- 
conia. 

Metamorphoses. — Calcification  of  the  cartilage  mav  occnr  AOilaba 
thi.'  formation  of  (rue  bone. 

Retrograde  changt«  also  occur.  Softeiiino;  is  verv  cutiitnou,  thr 
result  of  which  is  to  form  in  the  interior  of  the  tumor  cj/af*,  and  i» 
the  surface  a  sort  of  ulreration.  The  cysts  may  attiiiii  a  lArgl^  sik. 
they  are  especially  seen  in  enchondroma  of  glands.  I3ut  it  is  not  cet- 
tain  that  all  c^-sts  are  thus  formed.  They  may  be  part  of  the  origiui 
structure. 

Structure. — These  tumors  are  mostly  of  rounded  outline.  Tlwy 
are  surr<"»iiuded  by  va.scular  fibrous  tissue,  foniiin«r  a  sort  «if  capolt 
The  same  tissue  permeatfs  the  growth,  dividing  it  into  a  uutoWf  ti 
small  masses  or  islands  of  cartilage,  which  are  uon-vuscular,  likr  orfi' 
nary  cartila^*.-.  It  is  only  in  this  way  that  a  large  mass  of  citrtiU^ 
could  be  nourished.     Hence,  a  large  cartilaginous  tumor  is  a  sort  of 
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Ilyii1in«  pnclmndroina,  thMvring  ci'llst  •■>(  \  arioua  aha|M». 
n  n,  iHirtil«ife-«ip*iiIo«  c<iiiLiitnin<|<  either  •me  ojirlilnee-cell,  <ir  ^roiijts   of   •.• 
ii)i|NtivuilY  JWniictl  by  ilivbinii  or  ma?4cs  nf  eiiilinroijii- lissuo  vvjUt  rery  ti.ii, 
or  cuiiiliiniUionr  of  tbo*c;  ami  «otne  .tpproiiching  the  •tellAi«  form.     6. 
lage-fellii.    {Thwe  have  fwt«Q  traniforreil  fnim  u  mmv  ili..t.iiii   iiut-f  ,.f  i' 
order  to  bring  lliein  ii»li<  Ihe  field  uf  vi«<w.) 

The  minute  structure  shows  the  three  chief  forms  of  normal  «rti 
lage : 

1.  Hyaline f  in  which  the  intercellular  substance  is  clear  and  booK' 
geueous. 

2.  Fibto-cartihge.  in  which  that  substance  is  fibrillated.     Tin-  ••fll? 


the  true  cell  often,  when  IVt'sh,  shows  atnuiboiil  inuvemcnts  or  rhaugea 
of  form.     In  the  other  form — 

3.  Steflate,  the-  cells  sliow  ilclicatc  processes  wiving  a  star-like 
shape.  This  variety  is  soft,  anil  often  jelly-like  iti  ii]tp(';inuice.  It 
constitutos  a  transition  to  nnicous  tissue  ur  myxoma,  anil  tumors  iire 
often  met  with  containing  both  strnctui'es,  eallctl  myxo-choiuhamii  or 
chon^iro-i  uy  xoni  a. 

The  intercellular  substance  is  here  semi-fluid,  ami  may  yield  mucin 
as  well  as  chondrin  and  gelntin,  whieh  are  found  in  the  other  fonns. 

Even  in  the  hyaline  variety  the  fonn  of  the  cells  is  not  always 
simple.  We  often  see  grou]is  of  cells  evidently  formed  by  division. 
More  rarely  (as  in  the  figure)  small  masses  of  embryonic  tissue  are 
seeu.  It  may  be  doubted  wliether  tfiese  are  of  earlier  or  later  forma- 
tion than  the  normal  cartilage  cells;  but  a  careful  study  of  them 
seems  to  show  that  they  merely  replace  those  cells  without  showing 
any  transition.  They  ajipear  to  show  a  passage  to  sarcoma  structure; 
for  if  the  eud>ryi>nic  tissue  ini  ivased  and  the  intercellular  substance 
di>appeare<I,  the  tumor  would  become  round-celled  sarcoma. 

The  appearances,  it  should  be  said,  are  fjuite  different  from  those  of 
inflammation  of  cartilage. 

Mode  of  Growth. — Cartilaginous  tumors  extend  by  a  conversion  of 
the  surroumling  connective  tissue  into  cartilage,  through  fonnation  of 
successivr  new  foci.  Xevcrtheless,  this  process  has  liijiits.  Enchon- 
droma  of  bone  randy  breaks  througli  the  ficriosteum  ;  that  of  testicle 
does  not  sprca<l  outside  the  gland.  In  very  rare  instances  has  a  sort 
of  infection  of  neighboring  tissues  been  observetl.  It  follows  that 
these  tumors  affect  surroutiding  parts  only  mechanically,  with  rare 
exceptions.  In  a  few  instances  cartilaginous  growth  has  be*  n  found 
making  its  way  into  the  veins  of  the  fiart  ;  and  it  may  then,  through 
being  tnechanically  conveyed  to  the  huigs.  or  rarely  to  other  parts, 
givi.'  rise  to  secondary  growths  (nPi'  Fig.  38). 

Special  Forms  of  Chondroma. — Of  the  large  chws  whicli  grow 
fi-om  bone,  njost  arise  in  the  limbs,  especially  in  their  extremities,  so 
that  they  liecome  less  froipietit  ns  we  jmuss  from  the  periphery  to  the 
centre — hands  and  feet  coming  first,  long  bones  of  the  limbs  next, 
centrrd  [lortions  of  the  skeleton  last  in  order  of  fre([ueucy.  They 
generally  begin  in  the  mtrii»y  of  bones  (hence  the  term  Enchon- 
droma),  but  a  few  start  in  the  peripheral  layers  of  bone,  or,  as  some 
think,  in  the  periostrum. 

The  further  consideration  of  these  points  belongs  to  surgery.  The 
form  called  by  Vircliow  osteoid-chondroma  is  here  regarded  as  a  form 
of  sarcoma. 

Chondroma  of  the  Testicle  is  a  very  remarkable  form.  It  is  gen- 
erally combined  with  myxoma  or  sarcoma-structure,  generally  contains 
cysts,  grows  rapidly,  and  often  has  its  srarling-jtoint  in  some  injury. 
It  grows  entirely  from  the  connective-tissue  of  the  gland,  the  tubules 
being  unaffected  except  by  pressure. 
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Similar  growths  have,  though  very  rarely,  been  seen  in  mli-r  ur. 
of  the  genito-urJnary  tract — viz.,  the  ovarv  an^l  kidney. 

Chondroma  of  the  parotid   is  always  a   mixed    tumor,   <•• . 
rayxoma-structure  al8o,  and   occa-sionally   .sarcoma.      It    it-   *m 
formed  near,  sometimes  in,  the  parotid,  but  the  gland-ti.^- 
part  in  the  growth,  which  starts  exclusively   from  conn' 
It  has  been  supposed  that  a  mass  of  embryonic  curtilage  belu 
the  rudimentary  pinna  of  the  ear  has  become  lodgetl  in  or  ij 
rudinient.iry  parotid  gland. 

Cliondroinii  of  lympliatic  glands  is  met  with  only  a^  :t  >•' 
tumor  depending  on  cartilaginous  growth  elsewhere-  A>  -> 
very  rare. 

Ghontlroma  of  the  lung  is  usually  a  secondary  growth,  and  ihi*  is 
very  iineommon.  Still,  there  are  primary  cartiluiriiious  tumor>  af 
this  organ,  though  very  few  have  been  observetl.  They  start  nifwtlj 
in  ibe  hilus  of  the  lujig,  and  iiave  been  supposed  to  grow  from  tk« 
bronchial  cartilages,  but  the  connection  is  not  clear,  ami  atialogy  diw 
not  make  it  probable. 

Malignancy. — The  immense  majority  of  cartilaginous  ttiiuors  ut 
perfectly   innocent,  cah  be  removed  without  recurrence,   or,  if  thri 
return,  do  not  spread  to  adjacent  tissues  or  to  distant  parts.     In  t 
very  few  Ciises,  however,  the  growth  has  spread  to  the  ne.xt  lv>i  • 
gbmds ;   in  a  still  smaller  number,  growth   hius  penetrated   tin 
and  thus  become  conveyed  to  the  lungs;  in  one  or  two  cascit  b  i 
tinct  infection  of  the  adjacent  connective-tissue  has   beeq   olAsent- 
There  are  also  cases  of  secondary  cartilaginous  tumors  in  the  \tu>p 
where  the  channel  of  communication  was  not  obvious,  though   it  miK 
have  been  through  the  venou.s  circulation.     But  all   these  cafies  lakit 
together  make  up  a  very  small  proportion  of  iho  whole  number.     ^* 
must  say,  then,  that  chondroma  sliows  malignant  i>roperties  in  nrr 
and  exceptional  cases  only. 

5,  Osteoma — Bony  Tumors. — IJuny  growths  may,  like  tho-i  ii.  .^^ 
CJirtilage.  b<.*  dividetl  into  two  grou]>s,  viz.,  mere  outgrowths  from  ex- 
isting bones,  which  may  or  may  not  assume  the  forai  of  a  dMtinei 
tumor,  the  so-called  ex^jstosrs;  and  heterologous  ostroi/iata,  or  boa.' 
tumors  occurring  in  soft  parts,  liesides  thee,  we  distingnii^li  n  clitie 
of  bon}'  productions  called  osteophyiets.  which  are  not  true  turaora. 

ExoBtotM  may  repro<luce  the  structure  of  both  kindis  of  nonnaJ 
bone,  spongy  or  compact.  The  latter  souictimcs  a-ssutnes  a  retmiri- 
ahly  dense  hard  structure  containing  few  vessels,  and  are  knows  » 
ivorv  exostoses  ;  they  are  commonest  o!i  the  skull. 

Some  appear  to  begin  with  a  cartilaginous  growth  which  afterwirj 
ossifies,  and  are  called  cartilaginoua  exostoses.  The  cnrtdage  eoDtin- 
ues  to  grow  and  become  ossified  on  its  inner  side,  depositing  aaccM* 
give  layers  of  bony  tissue  on  the  existing  exostosis. 

Spongy  exostoses  fojiu  a  mass  of  sj'ongy  bone  directly  coufi- 
with  tlie  cancellous  tis.sue  of  the  bone  from  which  they  grf>w.  J 
fore,  though  very  various  in  shape,  they  must  be  reganled  u  fomKii 
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•>y  simple  livperplasia,  and  lire  sometimes  scarcely  distinguishable 
tVoni  liyperhopliy. 

Exosstoses  soinetimfs  occur  in  very  large  numbers.  alVectiiig  nearly 
every  bone  in  tbc  body.  They  grew  in  these  cases  chietJy  tVom  cer- 
tavin  special  sitimtiotis — near  the  articular  extremities  of  the  long 
bones,  on  the  ribs  near  their  junction  with  ihe  cartilai;es,  and  soon,  in 
fact  near  tlie  epiphyses,  and  at  the  same  [larts  as  those  which  are 
aft'ected  in  rickets.  < 'n  this  ^Tound  it  Las  been  assumed  that  these 
multiple  exostoses  have  some  connection  with  rickets,  but  of  this  there 
is  no  evidence;  except  that  masses  of  cartilai^e  are  sometimes,  as 
mentioned  above,  left  unossified  in  rickety  bones,  and  might  become 
the  starling-point  of  new-growths.  Probably  exostoses  grow  from 
the  residues  of  embryonic  cartilage  left  in  the  formation  of  the  bone 
(as  in  the  ease  of  chomiromata),  these  becoming  ossified  in  tlic  process 
of  growth. 

The  production  of  these  multiple  growtlis  always  lakes  place  in 
early  life,  the  recorded  cases  varying  from  the  second  to  the  twenty- 
first  year;  that  is,  generally  speaking,  befoi-e  the  ossification  of  the 
skeleton  is  complete,  and  inostiy  about  the  age  of  puberty.  Accord- 
ingly the  supposition  has  been  made  that  the  growth  takes  place  from 
the  curtilage  of  the  epiphyses,  which  in  such  situations  as  the  lower 
end  of  the  femur  tire  still  ununited  with  the  shaft.  However,  they 
occur  also  in  otlner  situations:  i'. //.,  at  the  junction  of  n  rib  with  its 
cartilage. 

The  structure,  in  almost  all  cases,  huji  been  the  same  as  in  one 
observed  by  the  author;  viz.,  cancellous  hone  capped  by  u  la^'er  of 
hyaline  cartilage,  the  whole  being  covered  by  periosteum. 


Cartilttginotis  cxobIxmiv  of  rib,  partly  converted  into  cancellous  bone  (after  0.  WKnia). 

In  some  cases  a  bursa  has  been  found  developed  over  the  tumor, 
but  not  necessarily  in  communication  wiih  the  joint. 

There  are  some  reasons  for  thinking  that  these  exostoses  may  all 
have  been  cartilaginous  in  the  first  instance,  and  have  been  formed  by 
a  gradual  ossification,  as  above  ilescribed.  This  is  confinned  by  the 
observation  that  cartilaginous  outgrowths  are  found  in  the  same  situa- 
tions, and  in  some  cases  brmy  ami  cartilaginous  tumors  have  been 
found  simultaneously ;  so  that  both  must  be  regarded  as  the  outcome 
of  the  same  tendency. 

The  cause  of  these  multiple  growths  is  unknown.  No  connection 
with  any  diathetic  dise^ise  can  be  ma<le  out.  The  tendency  to  pro- 
duce them  is  sometimes  hereditary,  giving  rise,  in  the  same  family, 
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sometimes  to  bony,  sometimes  to  cartilaginous,  tumors.  They  ceaa 
to  grow  after  a  time  and  remain  passive  for  the  rest  of  the  patients 
life.     In  one  instance  febrile  symptoms  accompanied  their  growth. 

Heterologous  Osteomata  are  bony  tumors  forme<l  in  organs  qaiu 
unconnected  with  bone.  They  are  very  rare.  They  have  been  ob 
served  in  the  brain  quite  unconnected  with  the  skull  or  membran««, 
and  arising  from  a  metamorphosis  of  the  neuroglia. 

Bony  tumors  have  also  been  found  in  the  eye,  on  the  choroid,  and 
in  the  vitreous  body.  It  is  notable  that  in  wasted  or  destroyetl  e\c- 
ball,  plates  of  true  bone  are  sometimes  formed,  ivhich  the  writer  can 
confirm  from  personal  observation. 

Primary  osteoma  (not  to  be  confounded  with  secondary  osteo-sar- 
coma,  which  will  be  afterward  spoken  of)  has  also  been  seen,  ven 
rarely,  in  the  lungs,  and  is  comparable  to  primary  enchondroma  of 
the  lung. 

Equally  uncommon  and  curious  is  the  occurrence  of  small  osteomata 
in  the  skin. 

Osteophytes  are  masses  of  bone  developed  in  tendons,  &scise,  mus- 
cles or  other  tissue  connected  with  bone,  but  w^hich  are  not  regarded 
as  outgrowths  of  the  bone  itself. 

When  the  bone  is  macerated,  these  osseous  masses,  often  of  vetr 
irregular  shape,  appear  continuous  with  it;  though  they  may  have 
been  originally  separate.  They  may  be  recognized  by  being  devd- 
oped  at  the  point  of  insertion  of  muscles,  tendons,  etc.,  so  that  they 
may  appear  like  enlargements  of  the  normal  prominences  or  ridges  of 
the  bone. 

They  are  sometimes  developed  by  friction  or  excessive  tension,  and 
hence  have  been  seen  in  the  adductors  of  the  thigh  in  those  who  ride 
much  (e.  tj.,  cavalry  soldiers),  or  in  the  tendon  of  the  deltoid  near  its 
attachment  to  the  humerus  of  the  left  arm  in  German  soldiers  from 
the  pressure  of  the  gun.  Similar  formations  occur  in  the  membranes 
of  the  brain,  notably  the  dura  mater,  from  chronic  inflammation. 
Closely  allied  to  these  are  inflammatory  new-formations  of  bone  which 
are  formed  round  fracture  or  afler  periostitis,  producing  a  .structure 
like  the  callus  produced  for  purposes  of  repair,  but  permanent.  Such 
a  structure  may  be  formed  by  overgrowth  of  ordinary  cells. 

It  is,  however,  diflicult  to  draw  the  line  between  all  these  forms  and 
true  exostoses. 

True  osteomata  are  in  all  cases  innocent.  Xo  instance  is  known  of 
the  production  of  secondary  tumors.  But  sarcomata  growing  fi-om 
bone  and  containing  bony  tissue  may  be  malignant. 


CHAPTER  XX. 


SIMPLE  TISSUE  TUMORS.— (Cb/ti'i/if/.v/.) 

Iiymphoma  or  Lymphatic  Tumor. — B}'  tliis  is  meant  a  tumor  toin- 
**iM8ed  i>r  lymjiliiitic  orcvtof»».'iiotis  cimiifctivetissue,  aL«n  callfi]  aik'noid 
tissue. 

This  tissue  consists  ol"  a  rttiLiiiiir  stroma  cuiitaining  a  veiT  large 
numKer  of  leucocytes,  correspnndiug  to  the  oidiiiiUT  migratory  cor- 
puscles of  coTincctive-tissue.  Tlitro  are  also  nuclei  which  ap[>rsir  to 
bchirig  p[if>cially  trii  tfie  reticulum.  This  tissue  is  fmiml  in  a  difluse 
form  und<'r  ihe  uiucfHis  membrane  at  v;nious  jiarts  fif  the  respiratory 
and  of  the  digestive  tract.  Ii  is  souietimcs  collected  into  mjijises, 
called  at  dift'orcnt  parts  tonsils,  jihavyngcal  tonsils,  Icnticnlnr  glands 
of  the  stomach,  .solitary  or  agmiti<iteiJ  glands  of  the  intestine.-*,  etc. 
It  also  makes  up  the  bulk  of  the  thymus  gland,  the  Malpighian  cor- 
puscles of  the  spleen,  and  a  large  part  of  lymphatic  glands,  viz.,  the 
lymph-follicles  of  the  cortex  and  the  medullary  cylinders  ;  and  is  lound 
also  in  other  parts  of  the  Itoily,  as  ilescribed  in  the  nuinuals  of 
histology. 

It  would  seem  that  the  bulk  of  this  tissue  is  subject  to  coii.sidendde 
variations,  even  from  physiological  causts;  and  it  is  certain  that  slight 
pathologic'td  influences,  such  iis  a  low  degree  of  jnfhiuimatiou.  or 
simple  hypertrinbrt,  may  increa.>e  it. 

Increase  of  the  aluive  described  tissue  in  the  fnrni  of  a  tunmr  is 
called  lymphoma,  but  since  most  of  such  tumors  are  formed  from 
lymphatic  glands,  they  are  really  hyperplasia  of  those  structures,  and 
are  not  tdearly  separated  from  simple  enlargement.  They  are  dis- 
tinguished from  iufisimniatory  enlargements  of  such  glands  chiefly  by 
their  jHTmaiience.  Hence  the  name  of  new-growths  is  not  strictly 
ap[ilicablc  to  them  ;  and  the  term  lymiihoma  is  not  strictly  ap]>ropri- 
atc.  It  is.  Iiowever,  often  used  for  overgrowths  of  lymphatic  glands 
not  caused  by  iiiHammation  or  by  any  obvious  cause ;  and  is  therefore 
introduced  here  for  the  sake  of  tx plaining  the  meaning  of  the  term. 

Multiple  Ivmphatic  tumors  are,  however,  met  with,  in  which  not 
only  the  lyuiftliatic  glands,  but  al>o  uiasses  of  cytogenous  tissue  in 
other  parts,  undergo  hyperplasia.  This  condition  is  known  by  the 
name  of  Ilodgkin's  Disease,  Adt'tuc  or  Ananiin  h/iup/iatira.  No 
distinct  line  can  be  dravMi  between  these  productions  and  lympho-sar- 
coma.  The  name  lymph-adeiioma  has  also  been  used,  but  in  practice 
means  the  same  as  lymjtboma. 

The  increase  of  bulk  a])]>ears  to  take  place,  at  least,  in  part  l»y 
emigration  of  leucocytes  out  *>{'  the  hb»uilvessels  into  the  cytogenous 
tissue  ;  just  ns  in  the  case  of  the  ordinary  migratory  cells  of  connec- 
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Kniuiiil  iniimiDatioii  so  thitr 
tht"  fibres  tixik  bright.) 


tive-tissue.  It  is  also  liigiily  probable  that  adenoici  tissue  nuiv  W 
funned  in  parts  where  it  docs  not  normally  exist,  by  the  same  pTtccn 
The  formation  of  simihir  tissue  by  the  production,  on  the  sjjot,  "fen 
lymphatic  t'lemont.-^  or  leucocytes,  though  it  has  not  been  prrnhi  u 
take  place,  is  highly  probable,  especially  in  those  struelur.  -  .n 

lielieved  normally  to   furnish    !•   i  >• 

the  blood. 

Pathological  eytogenoii.s  tissue  is,  in  g»- 
eial,  like  the  normal,  but  shows,  iu  taae 
cases,  certain  differences.  1.  The  rvtiiulf 
stroma  may  be  very  small,  hitrdly  jwro-i'^ 
ble,  or  it  may,  on  the  other  hand.  '>• 
incrt^a.'<ed.  cori(ii.<ting  of  broad  Jibron-  < 
so  that  the  cells  are  ^ubonlinate. 

'2.  The    nuclei    of     the     reiiculuui   aj^ 
sometimes  vt-ry  abundant. 

3.  The  cells  may  he  various  in  ehapt 
hirger  than  leucocytes  and  departing  firta 
their  type  ;  large  myeloiil  cells  are  not  tni- 
common,  Such  furms  approach  the  st^a^ 
ture  of  sarcoma,  and  it  is  extremely  difficult 
to  draw  the  line.  They  have  been  caliwi 
lympho-sivrcoma,  and  especially  belon*  tn 
tlje  bard  form  as  distinguished  hv  V 
but  it  is  important  to  remember  that  all  tlie  changes  mention'  i 
may  be  found  in  chronic  influiiiuiatiou  of  lymphatic  glands,  and  bctiCK. 
cannot  be  held  distinctive.  The  term  lympho-sarcctna  has  als<»  Ut* 
^iven  to  lymphatic  tumors  of  very  simple  structure,  which  pofs«* 
locally  infective  or  malignant  properties.  Hence  we  find  it  impoe^il'l^ 
to  draw  the  line  between  lymphoma  and  lymplto-sarconaa ;  andde;^nlv 
all  fiirms  umJer  one  head,  only  laying  down  the  general  principle  th*! 
tumors  of  this  kitid,  t-ven  when  very  sini])le  in  structure,  may  hiv-- '(» 
malignant  pro])erties  of  sarcotDii  and  carcinoma. 

Multiple  Lymphomata. — These  jiroductions,  in  which  tissur  nt  ..n^ 
kind  is  muUliplied  iti  the  form  of  new-growth  in  various  parts  d 
the  body,  may  be  compared  to  multiple  exostoses,  or  other  tauitiplr 
simple  tumors.  There  is,  however,  this  difference,  tlial  Ivmphatif 
growths  may  be  secondary  or  metastatic,  and  it  is  not  alwavti  easv  to 
say  which  are  primary  and  which  are  secondary.  Generally  we  ia»y 
suppose  that  tliose  occurring  in  the  original  seats  of  the  Ivmphstii 
tissue,  lymphatic  glands,  and  the  follicles  of  the  spleen,  niav  l»e  pri' 
niary,  and  thosi'  occurring  in  parts  wliere  no  such  tissue  is  nonntll/ 
found,  as  the  kitlney  ami  liver,  may  be  secondary.  The  latter  u* 
always  simple  in  structure. 

In  a  typical  case  of  this  kind  the  following  are  the  appearances  tail 
with.  Groups  of  lymphatic  glands  in  various  parts  of  the  Uidy  w» 
enlarge<l,  often  adherent  together  and  forming  irregular  ina$!j«s  rf 
consitlerahle  size.    External  glands  are  more  often  hard,  iii'  Vi 

soft  and  "medullary"  in  appearance.    The  minute  structure  t.   .  lU 
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of  a  normal  plfind,  or  may  show  any  of  tht  muflifieations  mentioned 
above.  Masses  of  lymphiitic  tisi^ue  are  also  •ienorully  found  in  die 
spleen,  some  rounilisli  or  jingulivrj  ami  others  wedge-sliapeci.  The 
latter  are  rather  Jiffuse  infiltrations  tliun  lumors,  anil,  having  tlie  shape 
of  infarctions,  are  possiljly  secondary,  Masses  of  similar  tissue  may 
be  found  in  tlie  .submucous  tissue  of  the  intestines,  the  ton-sils,  etc.  ; 
also  less  comiijonly  in  the  liver  and  kidneys  ;  rarely  in  other  organs. 
The  lungs  appear  to  be  never  afleeted,  or  only  in  one  or  two  recorded 
cases,  and  then  bv  direct  contifiuitv. 
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SectiuD  of  lyiujih-ttdonnnia  nf  ic.-'tiflf ,  [Uiwiiij  llimugh  a  coiniinfpnius 
tube  (CuKxiL  uiul  Uanvibb). 

r.  rection  uf  i*eriitiiifen)U6  lube,  with  it*  wiill  lliirkeiu'd  and  punvprtod  into  cytogenuua 
timiio,  mid  *t>nie  fivo  coll*  in  the  cavity;  f,  tllire.'s  of  rotiriiluin ;  n,  h'inphatic  celli. 
Musnilietl  ^W  diainulers. 


Wliile  it  is,  tlierefore,  probable  that  some  of  these  j;roivt]ia  are  pri- 
mary and  some  secondary,  there  is  no  proof  of  actual  metastasis  or 
tnm.sferrence  of  particles  by  the  general  circulation  from  one  part  to 
anotlier.  except,  possibly,  from  the  i'pleen  to  the  liver;  otherwise  the 
lungs  could  lianlly  escape. 

The  secondary  lymphatic  masses  formed  in  various  organs  in  leu- 
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dcmia  much  reseraljle  these,  hut  are  very  siimple  in  structurt,  o* 
sisting  of  a  ma.si*  of  leucocytes  svitb  little  or  no  reticulum.  PtttUf 
aside  the  case  of  tije  spleen,  they  raay  he  regardetl  as  merelj  depao 
fortiicU  by  extnivns:itetl  leucocytes. 

Mediastinal  Lymphoma. — -The  softer  forms  of  lymphoma.  wiA 
little  stntiim,  are  (.iilknl  s«ift  lvui|tho-sarconui  by  Virehow.  One  t-^l- 
ujarked  form  is  tltat  wliich  sometimes  occurs  in  the  bronchial  giaok 
at  the  hilus  of  the  lung,  or  in  the  anterior  meiiiustinuni  in  tbesita&tKi 
of  the  thymus.  It  is  soft,  and  composed  of  little  else  th.-in  leucocjtMk 
with  a  delicate  stroma. 

The-^e  iirowths  often  penetrate  the  lung  by  a  process  of  continmi 
infection,  and  thus  produce  r>no  form  of  what  was  formerlv  dos^n'W 
as  primary  cancer  of  the  Itnij;.  The  infiltration  al.so  often  exleiiil»t» 
the  ])leura  or  pericardium ;  imd  in  these  cases  the  growth  may  *«il 
through  (without  destroying)  the  latter,  and  sometimes  even  pcnrtntf 
tlie  heart-wall  in  the  same  way,  projecting  into  the  cavities  in  tho  f^rj 
of  a  tumor.  They  may  also  surround  and  press  upon  the  great  medf 
and  air-passages. 

These  growths,  by  their  locally  infective  properties,  show  a  bi^J 
Tualignant  character,  though  so  simple  in  structure. 

It  is  noticeable  that  they  occur  in  a  locality  which  ia  often  the  Mti 
of  congenital  timiors  of  mixed  strncture. 

In  one  case  a  simihir  tumor  wa*i  found  in  front   of  the  s«mjm, 
where   congenital    tumors  also  occur.      Uccasionally   soft   ;;rfi" 
lyuipluitic  a(»peariince,  have  been  observed  in  the  skin,  forni  i^: 
very  rare  and  curious  disease  called  ini/msis  fungaides  or  rfranuhm* 
funf/Ofifi'»;  but  I  cannot  agree  with  Cornil  and  others   that  this  i»  i 
form  of  lymphoma. 

Another  well-marked  clinienl  form  is  lymphoma  of  the  rctrt>-peri- 
toncal  glands,  formerly  called  retro-peritonesd  cancer.  It  niav  prw* 
upon  flic  puncrc.itic  and  hepiilic  ducts,  or  on  the  portal  vein. 

Hodgkin^s  Disease,  or  Anaemia  Lymphatioa. — The  clinical  feotan» 
of  multiple  lymphoraata  were  first  observed  by  Ilodgkin  in  1832. 
They  are :  (1)  extreme  Hnjemia,  the  red  corpuscles  being  greatly  dimin- 
ished in  number,  the  leucocytes  not  increased;  (2)  eaehpxia;  (3) 
sometimes  dropsy  and  hemorrhages.  To  these  must  be  added  inlet- 
current  attiicks  (d'  pyrexia. 

Other  local  .syrnjitotus  will  l>c  ]>r(Kluced  according  to  the  orgaai 
aftected  in  each  case. 

Some  cases  of  this  disense  end  in  acute  tuberculosis,  which  rftiM» 
the  suspicion  that  the  original  affection  lufjy  have  been  primary  tuber- 
culosis of  the  lymjih-ghinds. 

It  is  not  impossible,  and  in  some  cases  probable,  that  the  wft 
lympliomata  may  be  produced  by  some  infective  poison  ;  and  thus  comf 
under  the  head  of  infective  granulomata,  but  no  such  poison  hajs  xti 
been  traced. 

7.  Myoma  or  Muscular  Tumor. — There  are  two  varieties  of  muwv* 
lar  tumor,  corresponding  to  the  two  kinds  of  muscidar  tisc<itc,  striped 
and  unstriped,  called  respectively  Rhabilomyouia  and  Leiomyouia. 
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Hhabdomyoma. — 'runiors  of  striptxl  muscle  arc  cxcecclingly  rare. 

Those  wliully  fomj>o.setl  of  this  tissue  are  knt>M"ii  niilv  us  small  com- 
gcnit'd  gryvvtlis  fnnn  imisculsjr  organs,  and,  as  at  present  known,  are 
coiilinetl  to  tlie  ton^ni'  ami  the  heart. 

Alnscuhir  growth  in  the  tongue  nmkes  part  of  the  condition  called 
macrogloHsia.  In  some  of  these  cases  ctmsideraUle  mns,ses  of  muscular 
tissue  are  found ;  but  as  there  is  generally  .'^ouje  other  ti.s:?ue  (f.  7., 
Ivraphatic)  and  the  growth  is  not  clearly  isolated,  it  hardly  deserves 
tile  name  of  a  tumor. 

In  a  few  ca.ses  small  round  tumor.H  coiuposed  of  .striped  muscle  have 
been  found  in  the  hearts  of  children  dying  soon  after  birth,  or  born 
de<iil. 

Mi.xed  tumors  containing  .--triped  muscle  have  been  found  very  rarely 
in  internal  organs,  not  obviously  congenital.  Several  cases  are 
recorded  of  such  a  growth  in  the  kidney,  mixed  with  sai'coma-tissue : 
and  of  similar  construction  in  the  testicle,  and  once  at  least  forming 
part  of  an  ovarian  cyst.  The  muscular  fibres  were  in  part  embryonic, 
in  part  fully  formed. 

Fio.  4«». 
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Section  uf  iiiusculur  liiiiior  >>(  utiinis. 

0,  mast'ulnr  (ILn-*  cut  l<>n^iiinlint»lly,  s1»«ih  jna  the  mIiIuhx  ouclei ;  b,  the  B»roe 
i-ut  trftn.sveiselv. 


The  occurrence  of  muscular  fibre  in  these  situations  is  explained  by 
Cohuiieiiti  as  the  result  of  a  misplacement  during  ftetal  life  of  embry- 
onic ti.s.siie  belonffinfr  to  tlie  iiroto-vertebra  into  the  mass  which  forms 
the  rudiment  of  tlie  urogenital  tnict.  These  portions  of  embi'votiic 
tissue  are  indeed  at  an  early  development  very  closely  connected 
together,  and  various  considerations  make  tiiis  hypothesis  very  pi'oba- 
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ble.     The  proto-vertebra,  it  shoukl  be  remembered,  gives  'iriL'iii  i''\^ 
muscles  us  well  as  to  curtilage  and  bone. 

Tlie  other  cflse«  known  of  striped  muscle  tumors  are  i.-..  lair^^ai 
exct'ptioiiul  to  be  discussed  here. 

Letomyoma. — Tumors  of  unstripod  muscle  are  found  in  rani« 
pjirts  of  tljL-  body  wliere  this  tissue  normally  occurs,  but  far  inuft 
freipieiitly  in  tlie  uterus  than  anywhere  else. 

The  uiusouhir  tumors  of  the  uterus  always  coutaiu  some  ibtve 
tissue  as  well  a^s  muscular,  and  rei^emble  fibrous  tumors  in  appearuet 
so  that  they  wore  formerly  called  uterine  fibroids.  Their  true  naunr 
may  be  seen  on  fine  sections  stained  with  carmine  or  log%vood,  when  6» 
rod-shaped  nucdei  of  the  museulur  tissue  become  evident.  Tlie.'-f''.  ' 
might  be  taken  for  spindle-celleil  sarcoma,  but  tlie  nuclei  of  th-  .  ■ 
are  nval,  and  show  brilliant  nucleoli.  Perhaps  a  still  better  lUfilndp 
to  tease  out  a  small  j)ortion  of  the  tumor  and  isolate  the  fibre-w-IUb 
soaking  in  dilute  nitric  acid  (20  per  cent.). 

The  muscular  bundles  are  woven  together  in  a  very  complex  nuft- 
ner ;  the  tissue  is  poorly  supplied  with  vessels  and  somt'tiraes  contait* 
cysts.  On  section  we  sehloni  .^ee  long  muscular  fibres,  since  frno 
their  wavy  course  they  are  irregularly  cut  by  the  plane  of  section:  frni 
on  tea.sing  out  with  dilute  nitric  acid,  the  flat  fibres  are  plainlv  sem 
The  only  distinctive  point  of  structure  is  the  presence  of  the'obluog 
rotl-slia|it.'d  tmciei. 

These  Kitnors  when  young  are  almost  wholly  luusculnr.  and  lift" 
been  observeil  during  life  to  he  capable  of  contraction.  Thev  enUrp 
with  the  uterus  in  pregnancy;  but  whether  they  diminish  in  «« 
again,  concurrently  with  the  involution  of  tlie  uterus,  is  not  knovn. 

The  longer  such  a  tumor  lasts,  the  more  docs   fibrous  conneotii'e- 
tissue  enter  into  its  composition,  and   tlic  harder  doe.s  it   bcc»>i' 
process  of  time  they  often  liecome  calcified,  and  have   been   !■ 
stony  masses  assoeiateii  with  a  skeleton  in  old  graves. 

They  may  be  completely  indiedded  in  the  uterine  wall  (intra-parifr 
tal).  or  may  project  into  the  pelvic  cavity  (subserous)  or  into  lh« 
uterus  fsubitiucous).  The  two  hitter  forms  may  become  pednncnlatisl. 
forming  ])olypi  of  the  uterus  in  the  one  case,  and  movable  abdouiittl 
tumors  in  the  other.  The  abdominal  form  may  even  become  :*[)•■ 
nite*l  from  its  peduncle  nud  constitute  a  "  free  body"  in  the  p<Tit»>' 
neuni. 

Of  other  organs,  the  stomach  most  frequently  gives  rise  to  lOnootL 
muscle-tumors  from  its  muscular  walls;  the  intestine  less  frefiuenllj. 
and  here  titey  are  of  less  considerable  size.  These  growths  also  occaf 
in  the  walls  of  veins,  and  sometimes  in  the  skin.  Some  of  tk« 
growths  di'scribeil  as  "  painfid  subcutaneotis  tumors"  are  of  this  kioiL 

Uterine  myomata  art-  sometimes  very  large,  weighing  several  poiin»k 
Considei'able  tumors  have,  in  rare  cases,  been  found  in  tJie  stoni*«^li. 
Those  of  other  organs  are  small. 

Leiomyoma  is  a  strictly  innocent  growth ;  does  not  recur  or  b«oo» 
reproduced  in  other  parts.     The  tnmors  are  injurious  only  (ibiMi^ 
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soinetfmcs  in  n  liigh  «legrec)  by  their  s^ize  nud  position.     They  belong 
to  tute  ailult  liff  ratliur  tliiui  to  early  liii'. 

8.  Neuroma  or  Nerve-tumor. — Nfw-jfixiwth  cotnpdsed  of  nerve- 
tissue  1:5  extti-uiely  rare,  and  it  may  bo  doubted  whetlicr  any  true 
new-growth,  in  the  sense  here  spoken  of,  exists.  At  all  events  oidy 
a  very  few  isolated  cases  woultl  come  under  this  cjitefrory.  These 
have  been  seen  in  the  brain  and  in  the  peiiphernl  nerves. 

In  the  brain,  isolatetl  tumor-like  masses  of  gray  or  white  substance 
are  oceasionally  met  with  on  the  surface  of  the  cerebral  ventricles, 
Avhieli  appear  to  be  of  congenital  origin,  and  are  associated  with  con- 
genital hydrdcepbalus  iinJ  imperfect  development  of  tlie  brain.  They 
may  reach  the  size  of  an  egg.  but  are  of  no  practical  imjjortnnce. 
Evi.-n  when  found  at  a  later  period  of  life  they  were  doubtless  congen- 
ital, and  are  no  evidence  of  mnv-growtb  of  bniin-aubsitiinee.  They 
are  rather  to  be  considered  a.s  a  yorl  of  partial  hyperpla.ii!i. 

Virehow  has  described  some  cases  of  tumors  composed  of  non- 
medullated  uerve-tibres.  They  are,  however,  with  difficulty  distin- 
guished fivim  fibrotig  tumors. 

Fibrous  Tumors  of  Nervea. — On  peripheral  nerves  tumors  are 
found  which  Ijave  for  a  long  time  borne  the  name  of  neuroma^  hut 
which  are  certainly  not  niainly  composed  of  nervous  tissue.  They, 
are,  therefore,  better  called  /W^s^  neuromata  or  neuro-Jihroimtta, 

These  tumors  are  chiefly  of  the  species  fibroma  and  mj^xotna.  They 
may  seem  to  be  formed  in  the  course  of  a  nerve,  and  have  nerve-fibres 
running  through  thorn  ;  but  on  uiiuute  exttmination  it  is  seen  that  the 
nerve-tissue  passes  through  the  iieA-growtb  unchanged,  or  at  luost 
separateij  and  expanded.  There  is  no  evidence  of  new  growth  of 
nerve-fibres  {see  Fibroma). 

These  false  neuromata  present  many  remarkable  characters.  They 
arc  often  multiple,  sometimes  occurring  by  hundreds  or  thousands, 
and  besetting,  in  rare  cf»se.s.  every  nerve  in  the  botly.  The  tendency 
to  produce  them  seems  often  hereditai'y.  They  are  sometimes  asso- 
ciated with  fibri>ma  molluseuni  of  the  skin.  Some  ttiuiors  of  nerve* 
similar  in  appearance  have  tbe  structure  of  myxoma. 

Neuroma  of  Stumps. — In  the  stumps  of  amputated  limbs,  a  re- 
markable .swelling  of  t!ie  cut  extremities  of  the  nerves  is  sometimes 
seen,  which  has  also  received  the  name  of  neuroma. 

These  swellinirs  may  be  a.»;  liir<!e  as  a  bullet  or  even  lariier.  Their 
structure  is  made  up  to  a  large  extent  of  luedulhited  nerve  fibres, 
which  are  evidently  continuous  with  those  of  the  cut  nerve.  It  is  thus 
evident  there  is  hyper]ilasia,  though  we  can  hardly  call  the  structure 
a  new-growth. 

When  ii  nerve  is  divided,  an  outgrowth  of  nerve-tisstic  takes  place 
from  both  ends,  but  is  much  more  conspicuous  on  the  central  than  on 
the  peripheral  extremity.  The  nerve-tumors  of  stumps  uuiy  be  taken 
as  nu  exaggerated  in.stance  of  thi.s  process.  In  these  we  may  see 
nerve-fibres  in  various  stages  of  development,  some  small  and  nidi- 
inentarv,  showing  that  there  is  a  new  formation  of  nerve-tissue.     But 
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theiv  is  also  a  large  amount  of  newly-formed  fihrous   tusao,  dtrriTW 
from  the  nerve-&Leatii8. 


Section  tlirnugh  iteuroimi  of  nn  iiin)>iiUiiion-4luio|i  Ispectrovu  «ont  (•▼  I>&.&MAUCtv 
oa  group*  of  uerve-filiro."  I'ui  IrKn'verwly,  uliowiiig  the  fllirv*  lu  • 
of  <l«velti|nrnjiit,  mill  i»  iiliediliMl  in  inuaio*  of  nuclniklefl  tilif  i 

9.  Angioma  or  Vessel  Tumor. — Bv  this  is  meant  a  tumor  c«uiix>wi 
of  vessels.  Two  fonn.s  aro  iiiclutled  under  this  head,  viz.,  tliow  m*W 
U|i  of  bluoil vessels  ami  of  lyin|)li-vfssels  respectively.  Tin*  fonurr  i» 
gi'tierally  ciilled  fsiniply  un^iuiua.  the  latter  lyiuphani^ionia. 

Biood-viiscular  tumors  have  to  be  distiu;4iii!*liod  from  mere  fxpan- 
sions  uf  arteries,  as  aneurisms,  and  also  from  the  ug^Ioincratious  of 
small  arteries  and  capillaries  called  cirsoid  aneurism.  These  are  niA 
tumors  in  the  sense  in  which  the  word  is  here  used.  There  arc  otiW 
two  structures  here  considered,  viz.,  capiKury  auifionia,  also  (alW 
f'leanifiertagis  (^dilatation  of  end-ves.sel8  or  capillaries),  and  rartr- 
ntiit-s  aiujioina. 

In  the  former,  at  least,  there  is  a  new  formatiou  of  MocMlvesseU. 
In  the  second  there  may  l>e  sometimes  only  dilatation  antl  sltentfioM 
of  previously  existing  blood  spaces,  but  since  it  is  a  distinct  tUBlfOr,  il 
is  phiceil  here,  even  though  it  is  not  certain  that  there  is  «nv  actatl 
novv-jrruwth. 

This  seems  the  best  place  to  e.xphiin  the  new  formation  of  veaieb 
in  ;;enend. 

In  the  embryo  the  first  formation  of  bloodvessels  takes  {dace  bv  the 
liollowing  out  of  solid,  nucleated,  protoplasmic  cells,  which  beeona 
coiiverteil  into  tubes.  The  precise  relation  of  the  contents  of  lb« 
bloodvessels  (/.  t.,  blood  corfiuscles)  to  the  tubes  is  still  u  Hintt(*r  nf 
ojntroversy,  which  need  nut  be  considered  here.  In  the  adult  body, 
in  normal  or  patholot^ical  states,  the  new  bloodvessels  jirt?  •Iwan 
formed  from  preexistin<r  blooilvessels.  and  the  blood  which  en t«R«  (beo 
is  the  already  formed  blood.  This,  thei'efore,  is  the  only  awe  witi 
which  wo  have  here  to  deal. 

This  first  step  is  the  outgrowth  from  the  protoplasm  of  the  vaacukr 
wall  of  a  conical  bud  or  ofl'alio(jt.  composed  of  solid  granular  prot^ 
plasm.    The  formation  of  such  an  outgrowth  was  observed  bv    \ffi.-ill 
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in  the  living  tissues  of  the  tadpole's  tail,  to  occupy  from  two  to  four 
Lours, 

Such  a  sjirout  may,  while  still  connected  with  the  original  vessel, 
become  partly  ex  cava  ted,  its  cavity  standing  in  communication  with 
the  cavity  of  the  origimd.  Or  it  may  become  united,  n^  a  solid  rod, 
with  the  wall  of  an  adjacent  vessel.     Or  two  such  solid  ofllihoots  may 

Fio.  50. 


r^vclopini>nt  of  new  bloodveMels  in  tho  tadpole's  tail  (  Arnold). 
I    T«v<i  capillnrics  I'onnectwl  Sy  |>r(ili>|ilflsniip  t.lin?iidi»,  rr,  i>ne  or  llieiii  jjivinp  off  free 
protuplamiru*  jirtHWwes, //.     2    Thr  >iaine  after  six  hnur*:  rr  Imvi*  Imvviuk"  w»liil  nwia, 
// linvi"  join«<i  ((>g»HluT  to  roriii  it  limp.     3.  The  s«n»<'  after  Ifii   liourK ;  rr  nearly,  // 
ooniplf'tfly  cliHniielliyl  'mi  u-i  to  form  new  v<M.*els. 

luiite,  fonuing  a  solid  arch,  and  .secoudarv  buds  may  start  from  the 
fir.'it,  so  that  a  branched  solid  structure  is  produced.  In  any  case  the 
8«ilid  ]»rotopla.Hmic  rods  thus  fanned  become  in  tlie  end  excavated  and 
Cdovertod  into  ttibes.  These  tubes  or  ruiliinetitary  ca[iillafie.s  have  at 
first  quite  simple  vvall.s.  but  soon  nuclei  are  devcdnped  in  thet!i.  and 
the  area  of  prutoplfisjii  round  each  niicleu^i  becomes  defined,  till  the 
wall  becomes  converted  into  a  structure  of  endothelial  cell.s  connected 
by  cement  substanct; — in  fact,  into  a  normal  cajjillary.  This  process 
ha.3  been  observed  tu  be  completed  in  ten  ur  twelve  hours. 

When  a  simple  ciipillnry  is  thus  formeil,  it.-*  Avail  may  he  thickened 
by  the  attachment  of  other  cells  to  the  outside,  fnruiin<^  an  adventitiu, 
or  it  may  become  ctrnverted  into  a  vein  or  artery  by  the  addition  of 
the  middl."  and  aiJventitii>us  coat.s.  Tliis  i.s  the  procejss  by  which  new 
vesscLs  are  formed  in  the  repair  of  wounds  in  granulations,  and  in 
OthfT  structure.^  wliich  become  vascularized. 

Angioma  Capillare. — Tht.s  growth  forms  the  simpler  kind  of  con- 
L'enitttl  fui'vus  viscuhmis  (mother's  mark  ;  strawberry  mark). 

it  may  be  a  mere  speck,  or  a  considerable  "  mark."  and  may 
increase  verv  ra|iidlv,  covering  a  considerable  area,  hut  projecting  very 
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sligtitly  above  the  surface.     They  are  nearly  always  iountl  in  the  skih. 
but  may  occur  also  in  the  subcutaneous  cellular  tissue  or  mucoas  sui- 
faces,  and  very  rarely  in  iTiternal  organs.     About   two-tliird-     ' 
cases  occur  on    the  head.     The  structure  consists  iilinost  eii;; 
capillaries,  which  sometimes  havr  thick  wall.s  and  niiiny  nuclei.  :-/Uic- 
times  show  reuiarkabie  tlihitations  luid  changes  of  form,  but  still  pre- 
serve the  outline  of  tubes,  and  do  nut  couiniunicate  "with   each  otier 
laterally.     Besides  these  are  a  liiile  fdirous  tissue  and  some  reinaintj 
the  tissue  in  which   it  originates.     Fruni  the  manner  in  which  tl 
spread,  tlierc  must  be,  in  such  nani,  a  new  forma tiim   of  v^y 
but  the  minute  process  has  not  been  traced.     They  do  not  pre^' 
capsule  or  sharp  linjilation  from  the  turrounding  tittsue. 

These  nievi  are  nearly,  if  not  quite  always,  congenitail. 

There  is  another  form  of  teleangiectasis  which  is  acquired.  It 
occurs  on  the  skin,  in  the  form  of  small  tufted  prominences,  oumputnl 
of  a  congeries  of  small  vessels,  and  is  usually  multiple. 

It  may  follow  some  infliinimntinn  of  the  skin.  1  have  seen  tto 
cases,  in  one  of  which  the  little  iiifts  grew  on  the  seal's  of  sniall|»<tx, 
in  another  they  were  ."^aid  to  have  fi)llowed  an  attack  of  scarlatina. 
Both  were  on  the  fjii'c. 

Angioma  Cavernosum. — In  this  form  of  bloodvessel  tumor  tlw 
form  of  tubes  irs  lust,  and  blond  is  contained  in  a  number  of  intcr- 
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t^ttuu  oCm  onvvi'iiriiis  Mttictoiiin  of  lirer. 
«,  lir,*r>tiim<' :  h,  rrticutftt<xl  Mmnu  of  the  luinur;  e,  ciitvniiKw  apMcs  lUli' 

with  dVKUlBteil  bl<KNt 


ftfnimicatinfr  spaces,  which  fonn  a  structure  like  that  nf  tl 
of  the  jKjnia.     The  color  of  ihesf,  when  seen  exi« 
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more  puiplisJi  and  venous  tliau  ihe  l;ist.  TKey  occur  more  often  in 
the  subetitaneotis  tissue  ttian  in  tlit?  skin;  also  in  the  fiitty  tissue  <if 
tlie  orbit,  and  occiisionally  in  the  ]>harvnx.  nose,  etc,  besides  which  a 
speciiil  form  is  found  in  internal  ortiians.  Tlie  superficial  forms  ilevotop 
in  curly  life;  it  is  said  sometimes  iVotn  tFie  cipillary  «ngiomn.  Thev 
often  pulsute,  ;nid  ure  eontu'Cted.  hy  wide  openinfrs,  with  arteries  and 
veins,  especially  the  latter. 

Cfivernous  iiniiioraa  of  internal  oriiiins  is  found  nltnost  exclusively 
in  the  liver.  It  formf  a  mass  of  tavernous  tissue,  filled  with  venous 
blood,  not  projecting  on  the  surface,  and  not  always  clearly  marked 
off  from  surrounding  tissue-  The  walls  of  the  cavernous  spaces  are 
composed  of  firm  fihrous  tissue,  of  the  liver-cells  entirety  absorbed : 
and  the  turiinr  merely  rephices  a  jiortion  of  the  organ  without  exerting 
any  pressure  on  the  rest 

It  is  ]>Iain  from  these  facts  that  the  affet-tion  consists  rather  in  a 
cavernous  metainorfiliosis  nf  it  portion  of  liver  tlian  in  a  tumor  properly 
so-called.  Tliese  productions  are  met  with  mostly  in  the  livers  of 
elderly  persorts,  and  are  accompanied  hy  ""igns  of  atrojihy  of  the  organ, 
they  seldem  exceed  a  walnut  in  size,  and  have  no  clinical  importance, 
being  found  unexpectedly  after  death.  They  may  be  regarded  as 
formed  by  a  simultaneous  atrophy  of  liver-substance  and  enlargement 
of  the  territory  of  capillaries,  but  the  order  of  these  changes  and  their 
cause  are  unknown. 

I  have  describi'd  {TrartM.  Path.  Snc„  x.x.  203) a  remarkable  case  in 
which  tlie  liver  cnutaineiJ  a  large  number  of  nngiotuata  Ufi  to  four 
inches  in  ilianietcr,  iind  they  were  simultaneously  present  in  the  supra- 
renals,  <»vary,  and  uterus.  The  case  was  so  exceptional  that  no  general 
conclusions  as  to  the  structure  of  these  tumors  could  be  drawn  from 
it.  Cavernous  angiomata  are  said  to  have  been  found,  though  very 
rarely,  in  other  interntd  organs  than  the  liver. 

Lymphangioma. — A  tumor  furnied  by  dilatation  of  lymphatic  ves- 
sels. Two  kinds  ure  described,  corresponding  to  the  two  varieties  of 
bloodvessel  tuumrs, 

1.  Lymphangiectasia. 

2.  Cavernous  lymphangioma. 

The  two  kinds  are,  however,  diiticuU  to  distinguish. 

1.  Lymphangiei'tnsis  is  a  tumor  consisting  of  a  mass  of  dilated  lym- 
[ihatics  which  usmilly  have  a  varicose  or  beaded  outline.  The  shape 
of  tubes  is  preserved  to  a  great  extent,  but  often  the  vessels  become 
transformed  into  irregular  caverncus  spaces  and  thus  form  a  transition 
to  the  next  variety.  They  are  .soft,  elastic  swellings,  which  when 
punctured,  or  sometimes  by  spont:ine<»us  rupture,  give  exit  to  lynipli. 
The  lining  meiuhrnne  of  the  cavities  treated  fresh  by  nitrate  of  .silver, 
9h<tw  thv  rhitnictrristir  ctnlolheliuni  of  lytnphalic  ves.'it'ls.  Sume  are 
congt'tiitftl,  sotue  acquired.  They  are  often  coiinecte<l  with  lymphatic 
glands.     The  cause  of  those  not  congenital  is  (piite  unknown, 

2.  Cavernous  lymphangioma.  In  this  variety  the  form  of  tubes  is 
lost,  and  the  structure  consists  of  irregular  intercommunicating  spaces, 
90  as  to  resemble  erectile  tissue.     The  walls  of  these  cavities  give  the 
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characteristic  silver-staining  when  examined  fresh.  Considering  that 
the  connective-tissue  spaces,  or  canaliculi,  are  in  direct  communication 
>vith  the  lymphatic  capilliaries,  and  form,  in  Klein's  works,  their 
rootlets,  it  is  easy  to  see  that  these  spaces,  as  well  as  the  lymphatic 
vessels  proper,  may  become  dilated  into  lymph-spaces,  and  the  exten- 
sion of  lymphangiomata  may  be  thus  partly  explained. 

These  structures  sometimes  form  a  diffuse  dilatation  of  lymphatic 
structure  rather  than  a  tumor,  as  is  seen  in  the  congenital  condition 
of  macroglossia  or  hypertrophied  tongue,  where  cavernous  lymph- 
structure  makes  up  part  of  the  enlargement. 

Macrocheilia,  or  hypertrophy  of  the  lips,  is  a  similar  structure. 

The  cavernous  lymphangioma  sometimes  occurs  in  lymphatic  glands; 
sometimes,  and  perhaps  most  frequently,  in  subcutaneous  fatty  ti^ue. 
It  has  also  been  occasionally  found  in  the  kidney. 

In  certain  forms  of  Elephantiasis,  and  especially  in  the  so-called 
Lymph-scrotum  {Varix  lymphaticua,  NcBvoid  elephantiasis) y  great 
enlargement,  and  possibly  new  formation  of  lymphatics,  take  place, 
so  as  to  form  large  masses,  from  which  a  flow  of  lymph  often  takes 
place.  But  this  disease  is  without  doubt  caused  by  a  parasite,  the 
Filaria  sanguinis  hominis,  and  it  has  been  suggested  that  all  elephan- 
tiasis  (which  is  largely  lymphatic  in  structure)  may  be  parasitic.  The 
same  parasite  causes  immense  enlargement  of  internal  lymphatics: 
and  the  appearances  thus  produced  precisely  resemble  those  of  the 
unexplained  lymphangiectases  noticed  above. 
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By  tliia  is  meant  u  tuinor  composeii  of  iimnntnre  or  embryonic  con- 
nective-tissue; in  othfr  "wortle,  of  that  tissue  out  of  whjcli  tKe  jierftn-t 
forms  of  connective-tifigne  are  iJoveloped.  It  is  chiefly  uiaiJe  up  of 
cells  of  difltrent  furuis,  with  inteivelluhtr  flubgtance,  or  a  scanty 
stroma,  wliirh  does  not,  us  a  rule,  form  definite  spaces,  enclosiuj^ 
many  cells.  It  idso  contiiins  1*1  ood vessels,  usually  with  thin  and  siui- 
}de  wulSs.  The  existence  of  nerves  and  lymphiiticd  is  not  dearly 
made  out. 

Sarcoma-tissue  is  particularly  liable  to  develop  into  one  of  the  ma- 
ture forms  of  connective-ti.ssoe — fibrous,  cartibiginous,  bony,  lymphatic, 
etc. — and  hence  is  often  rni.xed  with  some  one  of  the.'ie  ti.ssues.  From 
ibis  fact  another  iletinition  (that  of  Virebow)  may  be  framed:  "a 
formation  which  belongs,  in  iis  general  featui-es,  to  the  series  of  con- 
nective-tissues, and  which  diffei"s  from  the  definite  species  of  that  series 
only  by  the  predoniinnnt  development  of  cellular  elements." 

Sarcoma  always  arises  from  connective-tissue,  in  most  cases  from  a 
connective-tissue  organ  :  but  even  when  it  originates  in  an  organ  con- 
tainin;;  e[iithcliuui,  such  as  a  ghmd,  it  is  from  the  fibrous  framework, 
and  n^ay  be  clearly  traced  to  originate  by  overgrowth  or  proliferation 
of  the  connective-tis.sue  elements.  This  fact  also  may  be  made  the 
basis  of  it  definition — viz. :  ''Sarcoma  is  a  tumor  of  connective-tissue 
origin." 

Combining  the  three  criteria  above  mentioned,  we  get,  as  a  final 
definition  : 

Sarrottia  is  a  Ufw-i/rowth  ariainxf  from  connectwe-tisaiie,  mainly 
composted  of  celh  reprf«entint/  fin  immature  rondition  of  that  t issue  ; 
and  if  it  develop  ftirtfirr.  reprodttdng  onJy  mme  /'onnretivt'-tissue 
typt-,  wAj'rA  is  generalitfy  htit  not  alwai/s,  that  of  thr  matrix  from  which 
it  yrew. 

Since  connective-tissues  are  developed  from  the  mesoblast  of  the 
embryo,  we  might  again  more  simply  define  .sarcoma  as  a  tumor  aris- 
ing from  tiiesohlsistic  tissues,  and  if  we  w^ere  always  i{uite  sure  of  the 
oj'igin  of  all  growths,  this  might  he  sufficient.  But  there  are,  as  will 
he  seen,  cases  wliich  would  make  the  application  of  this  test  difficult. 

General  Charactera  of  Sarcoma. — Sarcoma  is  more  often  found  in 
early  life  than  in  tild  age.  and  mostly  occults  between  the  twentieth 
anil  fitrtieth  years.  A  large  number  of  such  tumors  appear  to  be 
congenital,  or  nearly  so.     In  other  cases  there  would  appear  to  be  an 
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cmbrvonic  rudiment  which  subseijuentlj  begins  to  grow,  ami  shoin 
more  complete  tlevelopmcut. 

In  early  stnges  the  growth  appears  to  be  entirely  composed  yf  celk 
hiter  on  there  is  in  many  a  (lifipn>;itioii  to  form  one  of  the  tvpial 
varietiofi  of  connective-tissue,  nsir.illy  tliut  of  the  tissue  from  ithidi 
the  growth  springs.  Thus  sarconiix  uf  bone  very  often  becoii*'-'  ■■'■' 
tteil,  forming  the  80-cftlled  o&teo- sarcoma,  or  may  become  carti 
— chondrosarcoma.     Those  from  subcutaneous  or  in tertnu.-"     '  i<. 

or  tiltrotts  memliiane9,  such  as  poriojiteum  or  dura  iiiuter,  >  .  m 

fibrous — tlbro-sarcoma.  These  ftirnis  may,  however,  be  ^tjUivUtatl 
found  iu  tissues  of  an  entirely  different  character. 

At  first  sarcoma  usually  forms  a  distinct  tumor  separable  from  tib«- 
surrounding  tissues,  which  it  presses  upon  or  pushes  ii.side  witiu* 
otlierwise  affecting;  sometimes  it  is  enclosed  in  a  capsule.  But,  » 
growth  goes  on.  the  neighboring  tissues  may  bccoiuo  infectcU,  or 
changed  int^)  sarcoma-tissue,  and  the  capsule,  if  there  be  one,  ■ 
broken  through.  The  direction  of  growth  is  generally  |ieriphera]— 
that  is,  spreading  from  a  centre  in  all  directions.  \VIien  san'otui 
reaches  the  surface  of  the  body,  it  may  penetrate  the  skin  and  gro* 
outward  in  a  form  resembling  exuberant  granulations^  or  what  ased  to 
be  called  fungus  medullaris. 

■-!^The  rapidity  of  growth  of  sarcoma  is  in  direct  proportion  to  in 
richness  in  cells.  Ttie  cells  in  rapidly  growing  forms  are  usuilU 
small,  which  may  be  regarded  as  a  con.se([uence  of  the  rapid  grovtli. 
These  forms  are  generally  soft,  and  hence  it  may  be  sai«I»  SruadlT 
speaking,  that  a  soft  sarcoma  U  more  dangerous  than  a  hard. 
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Such  tumors  are  also  generally  richly  supplied  with  vessels.  Tlir 
bloo.H'essels  may  be  large,  but  have  very  sim|>le  walls,  rb  n- 

posed  of  cells.     A  prolific  cell-growth  is  often  seen  from   \<  \t 

of  such  vessels. 

The  stroma  is  usually  very  scanty,  or  hardly  tr.Kmblf      ?;oT.i.^;t,ii 
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re  can  discern  a  hardened  infercellulHr  substiinn-;  less  frequently  we 
»ee  ii  sort  of  fniniework  like  tlmt  lejjresented  in  Fig.  !'i'2^  whicli  sur- 
mnds  separately  every,  or  almost  every,  cell.  Stili  more  rarely  tbe 
Stroma  forms  distinct  alveoli  enclosing  several  cells.  Tliis  *' alveolar 
lareoma"  will  be  sjioken  of  as  a  distinct  variety. 

Degeneration  of  Sarcoma. — Besides  the  difFerent  modes  of  produc- 
tivr  growth,  surcmnn  m.iy  lieconie  altered  by  degoneriitioii, 

Sufteninji  is  the  C'linniotiost  torm.  and  is  can.sed  by  nmcous  degen- 
eration. This  sometimes  gives  rise  to  cysts.  I'lceration  may  occur 
on  tbe  surface,  but  aflect-s  the  tumor  only,  ami  does  not  give  rise  to 
destructivf  spreading  ulceration  of  surrnumling  jiavts,  as  in  enreinoma. 

Various  kinds  of  ssuvomntii  art*  distin^uisheii : 

1.  Small  round-celled  sarcoma. 

2.  Large  round -eel  led. 

3.  Spindle-celletl. 

4.  (riant-celled,  <»r  myeloid. 

Besides  these  we  may  have  nii.xed  forms,  or  combinations  of  the 
above,  and  also  certain  rarer  forms,  vix,  ; 

Alveolar  sarcoma. 

Melanotic  sarcoma. 

Ple.\iform  sarcoma,  or  cylindroma. 

Glioma  or  gliosarcoma. 

Psammoma, 

Also  combinations  with  other  tissues:  as  fibro-sarcoma,  cbrondro- 
sarcfUMii,  risteo-s;irconia,  niyxo-.sarcoma. 

Small  round-celled  Sarcoma. — 'Mw  cells  are  not,  as  a  rule,  larger 
tliiin  iyniph-corpuftclos,  and  have  a  great  resemblunce  to  them.  The 
rejil  ilifl'ereuce  is,  however,  that  they  have  a  large  round  or  oval 
nucleus,  usually  granular,  with  a  small  amount  of  protoplasm  around 
it,  while  in  lymph-e**lls  tliLMittclei  are  smaller  and  often  multiple. 

This  kind  of  tumor  is  usually  soft,  whitish  and  '•  medullary,"  or 
like  raari'ow  in  appearance.  There  is  little  or  no  fibrous  tissue,  and 
little  stroma  of  any  kind  between  the  cells.  It  usually  grows  fast,  and 
is  apt  to  be  very  malignant  in  its  properties,  readily  invading  neigh- 
boring tissues  and  forming  metastases  to  di.stant  parts.  Many  such 
growths  would  fonnerty  have  been  called  "  soft  encepfialoid  canctT." 
Tliey  differ  from  cancer  a.s  stnicturally  defined,  in  not  having  tlie  cells 
contjjincd  in  spaces  with  an  alveolar  stroma  and  in  the  cells  being 
roundish  and  simjile,  not  of  the  epithelial  type. 

Lymphosarcoma  is  usually  spoken  of  as  a  variety  of  small-celled 
harcoma.  IJy  this  is  meant  a  tumor  composed  of  small  lymphoid  cells, 
held  together  by  u  reticulum  sucl)  as  is  described  in  speaking  of 
lympboiiia.  Most  of  the  growths  thus  described  are  iiere  arranged 
under  the  hcail  of  lymphoma  with  malignant  proj^erties.  But  it  is 
extremely  diflicult  to  draw  the  line  between  that  tumor  and  lympho- 
**.-ircoma.  As  a  rule,  it  may  be  sai<l  that,  when  the  cells  agree  entirely 
with  lytuph-corpusdes  in  size  and  character,  there  is  no  reaaon  to  call 
the  growth  sjircoinn. 

Small  roiitid-celled  sarcoma  originates  from  many  parts  where  there 
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is  connective-tis^siK',  especiHlly  from  periosteum  and  fibrous  membranoa, 
fftscia;,  etc..  and  niuv  uiidnulitedly  originate  in  Ivnijihatic  tihinds. 

Secondiiry  fj;rowtlis  of  true  surcouni  occur  most  froquently  in  tiie 
lungs,  but  JiLso  in  otlier  parts.  The  metastasis  may  take  place  through 
the  veins,  or  through  the  lymphatics,  most  (."oramonly  through  tlie 
former. 

Large  roiind-celled  Sarcoma. — In  this  tlie  cells  are  larger  but  do 
not  dill'er  in  siae  alone  from  the  liiist-inenttinied  variety.     The  cells  aie 

oflon  viiritms  in    tiinn   and    magnitude. 

710  53.  'J'bey  have  a  distinct   protujdu-sm,  with 

—  '        —     '  --3     large  round  or  oval  nuclei,  often  con- 

--:     lainina  brilliant  nucleoli.   There  is  often 

I"  .111  iiitcrcetlular  Stroma,  which  surrounds 

5^  ciith   cell    iiidividuiilly,    or    encloses    at 

Ij)'  most  two  or  three  in  une  space.     Signs 

'     of  eell-iiivision  arc  often  seen. 

-:         This  variety  is  firmer,  and  grows,  as 

">      a  rule,  less  rapidly  than   the   last;     it 

_      agrees    in    its   clinical    characters    with 

■    '  '  "  ^i<^     Bpindle-celk'd  sarcoma.     The  cells  have 

6«tionofu9«cuudBr>-,la.i5e.ix>««d-   "'»"   ""'^■•'  resemblance  to  spindle-cells 

ct-lW  wroonia  of  the  luug.         i"    tlifir    charactei-s,    except    in    outer 

C«lls   varying   in   shape,   floselv  o  '  i  i      /»  •    ■       it 

pressed  i..^Hher,  with  *.-Anty  fxbn.il       feec..n<lary  growth  from  an  originally 
iitronm.   The  nuolei  an-  large  «n,i  spin<l!e-celled  siircoma.  33  often,  as  in  the 
very  deeply  nUiincd  (curmitK'-BUin-   Specimen  figured,  of  this  kind, 
iiig.    4IHI  diuinettirB).  Spindle-ceUed   Sarcoma. — The   cells 

in  this  variety  are  elongated  and  drawn 
out  at  each  end  into  a  point  .■*o  as  lo  be  awn  slnified,  or  what  are  called 
spindle-celb.  There  is  usually  one  distinct  oval  niicleu.>^,  with  brilliant 
nucleolus.  Two  nuclei  may  be  seen  hi  e!u*es  where  rapid  cell-growth 
is  going  on.  There  is  little  or  no  intenfelluhir  suhstance  and  no  proper 
sti'ouia.     The  bloodvessels  are  wide  and  have  cellular  walls. 


:*->- 
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SftRioma  uompoaod  of  luig*?  Ppiinlle-icll-  wiili  dii-iuici  uucloi  imen  rnniftining 
nucleoli,     {400  diametare.) 


These  cells  are  arranged  in  a  parallel  order,  so  as  to  form  bundles, 
which  are  either  themselves  p.TralJel,  or  twisted  and  interlaced.     If  the 
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tiUter,  ft  section  will  show  some  bundles  cut  across,  atul  tl>e  folLs  will 
in  lliost^  parts  jipptar  nvui  Mr  round,  Cells  with  nuire  tliiiii  two  pro- 
cesses, or  stellate,  are  souietiuies  uiet  witii.  The  structure  inuch 
resembles  connective-tissue  in  process  of  formation  from  granulations, 
und  hence  these  growths  have  been  culled  fibro-plastie  tumors. 

'J'he  suuill-celled  and  large-celled  foruis  have  been  described  by  some 
authors  as  distinct  varieties,  but  the  difference,  except  in  size  of  cells, 
is  not  well-tuarki'd.  Ttieir  cnnsisienee  is  usually  firmer  than  in  the 
case  of  round  C(d led  sarcoinn ;  and  it  is  only  rarely,  when  degenera- 
tion occurs,  that  they  have  the  n|ipeinance  called  medullary. 

Situation. — f^piniile-eelled  sarcnum  grows  from  varioiin  furms  of 
connective-tissue,  especinlly  fascite,  intermuscular  septa,  subcutaneous 
or  suliuuicous  tissue,  periosteum,  etc.,  sometimes,  also,  from  the  fibrous 
tissue  of  the  ghuuls,  as  the  mamma,  and  more  rarely  in  internal 
organs. 

Clinical  Characters. — At  first  these  tumors  afl'ect  ueighboriug  parts 
only  by  pressure,  as  they  are  generally  distinct  and  have  not  much 
tendency  to  infiltrate.  If  removed  they  fre(|iient]y  recur,  nwi  in  many 
cases  give  rise  to  secondary  tumors,  the  metastasis  tnkiiig  jtlace  eitlur 
by  the  veins,  to  the  lungs,  or  through  the  lymphatic  systctn.  Tliey 
must  therefore  be  regarded  us  uniJignant  ;  but  this  character  is,  fur 
obvious  reasons,  more  marked  when  ihey  occur  in  internal  organs  than 
in  (he  limbs  or  surface,  where  removal  is  possible. 

Kio.  .i.'i. 
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rtiu^imUy  tar>(e  luultinufleated  j^iaiil-rclls  nti<1  giiniik*  tt'llB 
of  nivcloifl  Mivuina  (nfUT  nitisxuwB). 

er,  «im|fli>  poIU  with  ono  nr  twi»  nuclei.;  ge,  giant-celU ;  i>t,  |Hini<>n  orstmma. 


Giant-celled  or  Myeloid  Sarcoma. — This  variety  is  known  by  con- 
taining large  niultinucleiited  cells.  These  are  culled  myetoiil  from  the 
Greek  word  for  marrow,  becnuse  similar  cells  are  met  with  in  the 
marrow  of  the  bone,   and  sometimes  in  periosteum.      They  are   flat 
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protoplasmic  masses  of  irregulur  shape,  containing  several  ovtl  Dar«. 
in  some  cases  even  as  many  as  fifty.  Whctlier  they  are  idenijal  «nt 
tlie  "giant-cells"  of  tubercle  m\(\  other  new-growths  is  dualficii 
<  Vlls  of  other  forms,  chiefly  spindle-shaped,  make  up  the  grtal  mm 
of  the  tiimnr. 

(iiant-ct'lled  sarcoma  gencrwlly,  if  not  nlwnys,  originates  in  Uhk. 
either  centrally  or  from  the  j)eriosteinn — i.  f.,  in  situatious  whtreti* 
myeloid  cells  are  normally  found.  The  physiological  function  of  ti»« 
liirge  multinucleateil  msisscs  appears  to  be  connected  with  the  rcni'»ni 
of  cutcnreous  matter,  and  thus  hollowing  out  or  altering  the  shafi*"/ 
the  bone.  Kulliker  ob.'^erved  similar  celL-^  (to  -whicli  he  gave  the  iu» 
osteoclusta)  on  the  surface  of  bone  in  various  situations  where  »l«*if^ 
tion  Wiia  l;iking  phice — for  instance,  on  the  surface  of  fragments  of 'IrW 
bone.  Another  situation  for  •'osteoclasts"  is  in  the  pcriosteuD)  oftk 
lower  Jaw.     This  bone  is  known  to  undergo  in    oM    .-i  '    , 

which  con.sists  in  the  rnmus  becoming  less  vertical ;   a  > 
(•an  only  take  place  by  the  grudual   removal  of  hone   from  unc  [ar^ 
and  perlijtps  de[ifMitioi)   in   another,  atid   is,   accortiin<r    to   Kollikt, 
effectod  by  the  osteoclasts. 

Again,  the  medullary  cavity  of  hmg  bones,  whether  the  hollor  rf 
the  slial't  or  the  cancellous  structure  of  the  ends,  is    fonne«J  br  ik 
gradual  hoUowitig  out  of  what  was  originally  a  solid  rod  of  c«nila;:» 
Now  theric  two  situations  are  among  the  ty[tical  seats  of  mveloid  •a^ 
coma.     On  the  jaws  this  tumor  is  one  form  of  the  growths  whiciuft 
clinically  grouped   together  as  "epulis."     It  must    not   be  «r"  ^  — ■ 
that  the  giaut  cells  necessarily  exerci.9e  in  new-growths  the  '' 
which  belong  to  them  physiologically.      But  these  factj*   illii-' 
general  law  that  tuuiors  rc'[)roilu(!e  the  physiological  tvpe  of  tl 
from  which  tln-y  spring 

Myrbiitl  savixima  is,  on   the  whole,  less  malignant    than  otlifT  f..ni» 
of  sarcuiuH,  but  metastases  do  soiuetinies  occur. 

Special  Varieties  of  Sarcoma — Alveolar  Sarcoma. — In  «(ii>  nut 
form  of  growth   the  cells  arc  arranged  in  alveoli   divided   h>-  fibroos 

Fio.  3fl. 
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AlveoW  sarisnim,  aeconAnry  lumor,  derived  froiii  a  priniiiiy  tumor  itf  kviA*. 
aa,  groups  or  dell«  with  intercellular  sabstanoe  L-ontainwi  Ui  alveoli. 

septa,  so  aa  to  have  a  great  resemblance  to  cancer :  and  when  iJm* 
structure  was  taken  as  the  criterion  of  cancer  these  growths  «<rr 
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lo<l  hy  thut  name.  It  is  tint  tilwavs  easy  to  disniignis}i  this  tumor 
from  (.miccr.  Generally,  the  following  churaciersf  iiiuke  tlu*  distinc- 
tion : 

1.  The  cells  are  roundish  and  simple,  not  of  an  epithelial  type. 

2.  There  is  generally  some  honiogenenus  intercellular  suhstauee,  or 
else  a  sort  of  stromii  passing  inward  from  the  fibrous  septa,  and  en- 
olosing  each  cell.     This  feature,  if  it  hv  present,  is  decisive. 

^5.   The  growth  originates  in  .«oine  fonn  of  connective  tissue. 

Tlie.se  distinctions  will  he  enough,  except  in  certain  vciy  rare  cases 
of  tnmsposttion  of  tissue.^  during  einbryimic  life. 

Pigmentary  or  Melanotic  Sarcoma. — In  tliis  the  cells,  which  are 
either  spiudlt -slctprd.  ruiiiid,  or  irregular  in  form,  contain  pigment. 
This  is  no  accidental  feature,  since  it  may  he  ti'aced  tlirough  the  whole 
of  a  tumor,  and  even  in  secondary  growths  derived  from  it,  The 
color  of  the  tumor  is  thua  brownish,  mottled,  or  nearly  black.  Less 
commonly  pigment  i.s  found  in  the  fibrous  septa,  as  well  as  in  the  cells. 

Melanotic  sarcoma  almost  always  begins  in  some  organ  normally 
containing  pigment,  such  as  the  skin,  the  eye,  or  the  ]>i«  tnater.  Ex- 
ceptions to  this  rule  are  very  rare.  8otuetimes  the  growth  begins  in 
a  congenital  pigmented  mole  or  wart  on  tlie  skin.  This  is  a  decidedly 
malignant  growth — more  so,  speaking  generally,  than  the  correspond- 
ing form  without  pigment. 

Plexiform  Sarcoma  or  Cylindroma. — The  name  Cylindroma  has 
been  applied  in  at   least  two  diflerent  senses: 

1.  To  a  tumor  in  which  sarcoma-tissue  is  mingled  with  that  of 
myxoma,  and  in  which  the  former  is  regarded  as  Juiving  undergone 
mucous  degeneration.  Tliis  may  also  be  called  myxo-sarcoma  or  sar- 
coma myxo-matoden. 

2.  <.reiverally  a  more  distinct  kind  of  growtli  is  implied  by  the 
name — one  in  which  bloodvessels  are  sei-n  invested  by  a  hyaline  or 
mucous  sheath,  which  has  in  parts  an  investment  of  cells.  Here  it  is 
thought  that  the  adventitia  of  the  vessels  has  undergone  mucous 
swelling  and  degeneration. 

Most  observers  have  regarded  the  original  tissue  as  sarcoma,  some 
as  angioma.  The  same  growth  appears  to  have  been  described,  by 
Moxon.  as  peri-angioma. 

Most  of  such  ttttnors  have  been  found  in  the  brain.  They  are  rare  ; 
and  the  subject  retjuires  further  elucidation. 

Glioma. — Under  this  name  are  comprised  two  kinds  of  growth 
which,  though  similar  in  structure,  are  very  different  in  clitncal  feat- 
u  res : 

1.  Glioma  iif  the  brain  and  spinal  cord. 

2.  GUovia  f'f  the  r(dinn. 

The  former  is  a  strii^tly  local  growih.  wiuch  tuny  be  considered  as  a 
mere  overgroAvth  of  the  neuroglia  of  the  nerve-centres  (ace  page  :i<)7). 
The  second,  though  .simple  in  structure,  is  generally  infective  to  the 
neighboring  structures,  and  has,  in  rare  instance.-*,  given  rise  to 
secondary  growths  in  distant  parts.  It  is,  therefore,  malignant,  and 
seems  rijihtlv  classified  as  a  form  of  sarcoma. 
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Glioma  of  the  Retina. — This  forms  a  special  growth,  only  uocd- 
ring  in  childhood  and  sometimes  congenital,  which  gives  a  pedx 
metallic  lustre  to  the  fundus  of  the  eye.  It  was  formerly  knows 
encephaloid  or  pseudo  encephaloid. 

The  structure  is  like  that  of  the  granular  layers  of  the  retina,  cot 
sisting  of  a  fibrillar  basis-substance  with  round  nuclei,  and  dii! 
closely  resembles  that  of  cerebral  glioma.  That  of  the  retina  ht. 
however,  very  different  properties,  being  of  comparatively  n^. 
growth,  locally  infective,  and  often  highly  malignant.  Various  stre- 
tures  of  the  eye  and  the  orbit  may  be  successively  affected:  ania 
very  rare  instances,  metastases  in  internal  organs  have  been  ohgeirti 

Retinal  glioma  often  passes  into  sarcomatous  structure,  and  has  tk 
clinical  characters  of  sarcoma.  The  malignancy,  even  of  the  put 
forms,  is  well  marked. 

For  a  minute  description  we  must  refer  to  works  on  ophthalu 
surgery. 

Psammoma. — Small  globular  masses,  composed  of  concentriaDr 
arranged  cells,  usually  flat,  are  sometimes  found  attached  to  di 
choroid  plexus,  or  on  other  parts  of  the  investment*  of  the  bna 
They  seldom  exceed  a  small  pea  in  size.  The  central  part  is 
calcified,  and  under  the  microscope,  if  treated  with  dilute  acid,  mj 
be  seen  to  evolve  bubbles  of  carbonic  acid.  Hence  the  name  psa»- 
moraa  or  sandy  tumor. 

Some  of  these  tumors  may  be  fibrous,  but  generally  the  cells  eoa- 
posing  them  are  derived  from  the  endothelium.  Since  this  is  geoff- 
ally  regarded  as  a  form  of  connective-tissue,  they  are  now  classified 
under  the  head  of  sarcoma,  but  have  little  resemblance  to  Uie  otbff 
forms.  Their  growth  is  limited;  they  have  no  malignant  propertie. 
and  are  of  no  clinical  importance,  except  in  the  rare  cases  where  tb«j 
are  large  enough  to  exert  some  pressure. 

Endothelioma  is  a  name  sometimes  given  to  this  and  other  growths 
orijjinating  in,  and  composed  of  endothelium.  The  name  is  ako 
applied  to  sarcoma  with  alveolar  structure,  where  the  cells  containei 
in  the  alveoli  resemble,  and  are  derived  from,  endothelia. 

If  the  endothelium  of  the  serous  membranes  lining  the  great  can- 
tics  of  the  body  be  regarded,  in  accordance  with  modern  embrvologi- 
cal  views,  as  derived  from  the  hypoblastic  epithelium,  the  distmctioB 
intended  by  the  word  endothelioma  becomes  unimportant. 


CHAPTER    XXII. 


NEW-GROWTHS  OF  EPITHELIUM-CANCERS. 

OvEKiiROWTHS  of  cpittieliiiiii  (indiiilii)j;  to<:cther  the  cjtiblastii-  and 
hTpoblastic  tissuesi  niny  be,  like  ineHnblastit*  growths,  either  typical — 
I.e.,  hy]>L'rj)bistic,  or  atypical.  If  we  elasslfy  them  aecordiii};  to  tlie 
difterent  var.t'ties  of  epittieliuin  fount]  in  llie  body — vix.,  (I)  Pavement 
or  flal-cellal,  aixl  {"2)  cylindrical  or  columnar-celled,  iiirliidiii*:.  hh  a 
variety  of  the  bitt t,  {'•i)  the  so-called  spheroidal  gluodubir  e[>ilheliuiii  — 
we  find  that  each  of  these  varieties  may  give  rise  to  both  typical  and 
atypical  growths.  There  is  thus  no  e|iitlielial  growth  which  hn-i^  to 
the  rest  tlie  rehition  which  narcoma  bears  to  connective-tissue  tumors, 
as  being  tlieir  hnmaturc  or  eirdjryotiic  stage.  The  aty  [ileal  or  irregidar 
growths  arisitig  from  all  kinds  of  epithelium  are.  however,  called  by 
one  name,  viz.,  cancer  or  careinotna.  We  have  lints  two  main  kinds 
of  cancer — (1)  squatnous-celled,  generally  known  in  thi.s  country  as  epi- 
thelioma, or  epithelial  cancer :  ('1)  glandular  cancer,  inclmling  those 
derived  from  both  columnar  and  spheroidtd  epithelium,  between  which 
no  clear  distinction  can  be  ilrawn. 

It  will  be  practically  most  c^mvenient  to  take  the  simple  typical 
growths  first.  an<l  then  tlie  camers. 

I.  TypicHl  Growths  from  Squamous  Epithelium. — Such  growths 
frotn  the  pavement  epitlteliuin  of  tnucous  .surfaces  are  tiardly  known, 
since  the  poft/pi  of  these  surfaces  are  more  complex  structures.  Fr<un 
the  epidermis,  which  is  a  variety  of  .sqiuimous  ejiitiielium,  they  are 
commoner. 

Outgrowths  of  cpidertnis  alone  form  the  structures  called  horns  of 
the  skin  {fornu  cutaneum),  which  may  attain  a  length  of  several 
inches.  8pecimen.s  are  to  be  found  in  most  pathological  mu.seums. 
Their  cause  is  unknown. 

Commoner  epidermic  growths  are  warts,  including  tlie  so-called 
simple  wart.s,  jiigmented  wart.s,  etc. 

Another  class  of  tumors,  chiefly  epidermic  in  structure,  is  moUuicum 
conUtijioiUiH.  In  the  latter  c  isc,  however,  it  is  pretty  clear  that  llie 
growth  is  caused  by  some  specific  irritant,  possibly  a  parasite,  though 
its  nature  is  not  absolutely  determined.  A  similar  specific  cause,  it 
may  be  remarked,  is  not  im|ioHsible  in  the  case  of  the ''common  wart," 
and,  on  some  giounds,  even  jtrobahle. 

In  the.se  cases  the  growth  of  epidermis  is  chietly  outward,  and  is 
mwtly  due  to  hypertrophy  of  the  j)a[)illie. 

Sometimes,  on  the  other  hand,  there  is  a  growth  inward  of  the 
interpapillary  processes,  though  to  no  great  depth.  The  columns  of 
epidermic  cells,  in  such  a  case,  sometimes  form  concentric  nutsses,  of 
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which  the  inner  cells  uti<lcrgo  the  horny  degeneration  char»cttti«tK i^f 
cpidcnnis,  so  as  to  a|*iwar  Imtnogcneous.  These  botlies  iinr  oIU 
"pearls."  or  '"birtls'-iiests."  They  arc  tew  and  unimpurtant  in»iiftpli 
epidermic  tumors,  but  have  a  characteristic  importance  in  e»iicn«< 
the  skin. 

The  essentiul  character  of  nil  the  above  growths  is  that  ih^  ttani 
boundary  between  epidermis  and  deruii.s  is  preserved.    TIm  H 

by  most  French  and  some  German  writers  epithelioma,  a  i  - 

spending  to  fibroma,  chondroma,  ere,  bnt  tins  name  is  usually  rcmrrt 
in  this  country  for  malignant  prowlhs  of  squamous  epitheliutu  'irrf- 
thelinl  cancer. 

Simple  Glandular  Tumora  or  Adenomata. — Vuriousacin 
glands  ijiav  gi\c  rise  to  tuitinrs  by  simple  overgrowths, 
are  not  uucDmuion  in  the  skin,  arising  from  the  sweat-glands  or  t> 
sebaceous  glands,  and  are  called  Adenoma  sudoriparum  and  A.  |pi» 
ceura  respectively.  Sebaceous  tumors  are  sometimes  combined  witk» 
collection  of  sebaceous  matter,  called  an  atheromatous  cyst,  but  ih* 
latter  may  occur  without  a  tumor  projterly  so  called.  Tumors  of  iLr 
akin-glaniU  may  become  calcified  or  even  truly  ossified.  Adennnn'/ 
the  mamma  constitutes  the  rhrrmic  mammary  tumor  or  Aden<KTk 
widl  known  to  surgeons.  Adenoma  of  nuicoiis  glands  occurs  in  the  t»i*, 
the  pharynx,  the  ear,  etc.,  and  constitutes  one  form  of  ao-cjilled  mnctno 
polypi  -sometimes  termed  adenoid  vegetations. 

Fio.  67." 
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Adenoma  of  the  kidneys,  liver,  and  other  glands,  is  also  met  wilk. 
Une   form  which  arises   primarily  in  the  liver  is  of  great   ini<^rwrfjjj|i 
ilift'eriiig  iu  structure   from  the  hepatic  cells.     Whether   it    (a)c«9^| 
origin  in  the  Itilc-ducts,  or  in   a  fragment  of  the  primitive   in(eetin#. 
accidentally  incliideil  in  the  course  of  development,  rnui^t  be  rr-r^infr.) 
as  imcertain.     Such  growtlis  have,  in  one  or  two  instances,  civ 
to  ^econtlar}'  tumors — for  instance,  in  the  kidney,  as  secu  iti  Ww  -vi-i)- 
men  previously  figured  (see  Fig.  40). 
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Adenoma  of  gliiiuls  with  marked  (."ylirulriL-al  rpitlielium,  such  as 
that  of  gjistric  and  intestiniil  glands,  luis  siimetimes  been  cidled  cylin- 
drical or  tubular  eiMtlielioma,  and  the  use  of  this  nitfiie  has  giv^en  rise 
to  some  confusion.  Stich  tumors,  when  sim[>le  and  circumscribed,  iire, 
stxictly  s]H';iking,  adenomnta.  They  seem,  however,  to  be  rather 
liiihle  to  [liiss  into  ciircinoinii — tlmt  is,  ii  tumor  originally  ghxndular 
becomes  cnrciiiouiutous — :iud  Lenee  they  hiive  ufton  bwn  regarded  as 
a  distinct  cIilss.  Tlie  miiligniint  forms  are  cancers.  In  the  rectum 
new-growths  are  fuuml,  of  glandular  structure,  like  Lieberkiitiu's 
crypLs,  and  presenting  every  tratjsition  from  an  innocent  tumor  up  to 
pronounced  cancer  (Cripps). 

A  wcll-nuirkcil  form  of  adenoma  occurs  in  the  ovary,  where  it  is 
associated  with,  and  is  thought  to  be  the  origin  of,  the  large  cystic 
tumors  of  that  organ  ;  the  follicnlar  epithelium  developing  into  acinous 
ghind«ilar  structure,  wliicli  becomes  cystic. 

The  d>('-th'ii«  ifhtnJs  may  als^o  develop  simihir  tinnors,  bearing  the 
stime  relation  to  the  epithelium  of  other  dosed  follicles  as  the  other 
adenomata  do  to  the  .'Secreting  epithelium.  Chronic  swelling  of  the 
thyroid,  or  brouchocele,  may  be  thus  regarded  in  its  early  .%tage.  In  a 
few  very  extraordinary  cases,  tumor  composed  of  thyroid  tissue  bus  been 
observed  in  other  parts  of  the  body  as  a  secondary  growtli  (Tninsi. 
Path.  Soc,  xxxiii.  291).  The  secondary  growths  have  always  been 
found  in  bone. 

II.  Atypical  or  MaIig;Qant  Epithelial  Tumors,  Cancers^  or  Carci- 
nomata, — The  term  cancer,  which  wa.s  furmt-rly  used  in  a  clinical  or 
physiological  sense  to  signify  tumors  having  the  properties  called 
maligmmt,  is  now  a  structural  or  anatomical  term,  mcJining  tumors 
starling  from  epithelial  tissues,  and  composed  of  epithelial  cells  irregu- 
larly arraiigeil,  not  forming  a  uniform  layer  like  epidermis,  nor  a 
typical  gland-structure.  This  irregularity  mostly  depends  upon  the 
epithelial  cells  not  being  confined  within  their  normal  boundrieii,  but 
invading  the  connective  tissue.  This  invasion,  or,  as  it  is  called, 
infection  of  the  connective  tissue,  is  a  feature  characteristic  of  malig- 
nancy, since,  a,s  above  explained,  all  the  properties  cidled  malignant 
may  be  deduced  from  it. 

It  would  follow  tliat  all  atypical  epithelial  tumors  or  cancers  are 
malignant,  and  tliis  is  generally,  if  n(»t  quite  universally,  true;  hut  it 
Diay  ho  well  to  reiterate  that  the  converse  is  not  true,  /.  c,  all  malig- 
nant ttinior-  are  not  cancers,  since  many  sarcomas  and  lymphomas 
are  equally  maligtiant. 

Since  cancer  is  epithelium  out  of  its  place  or  growing  in  a  foreign 
tissue,  it  is  more  cumfilex  than  sarcotija.  and  we  have  two  parts  to 
consi<ler  ;  (1)  the  celh,  {'!)  the  contaitiing-tissue,  called  the  stroma. 

1.  The  ceils  are  epithelial  cells  derivf.Hl  from  the  epithelium  of  the 
part,  either  bv  coTUiuiious  growth,  or,  in  the  ease  of  secondary  tumors, 
irom  '*  soiuetbiiig  "  transported  to  a  distance.  This  "something"  is 
probably  in  all  cases  a  portion  of  the  original  tumor,  r.  er,,  a  cell  oi- 
cells  forming  a  graft  or  bud  of  the  original  stock.  It  has  been  sup- 
posed that  something  ilifferent  from  cells  is  what  is  thus  transmitted  ; 
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either  in  an  infective  juice  or  Hotne  ruinute  particles  like  seeds  of  «di 
— a  seminium — which  exerts  a  peculiar  influence  on  ilic  cells  of  de 
distant  purt,  cmising  them  to  grow  in  the  likeness  of  the  ongiml 
tumor.  But  no  evidence  hns  ever  been  given  of  the  existence  of  vsx 
such  suhstJinee,  and  the  theory  of  tninsplrtntation  of  cells,  which  ro<» 
on  |>ositive  facts,  is  therefore  more  reasonable. 

If  this  be  true,  all  tlie  cells  of  the  originjil  cancer,  as  vroll  as  of  tt? 
secondary  growths,  must  be  direct  descendants  of  tbe  epithehum  i^ 

the  part,  just  as  the  cells  of  the  niatni* 
^'"~'-*''  body  lire  of  those  of  the  embryo. 

"rv    /t-^  .•  The  cells  of  cancer,    primnrr  or  »»>-■ 

'~'     '       '^  \\-i^i    ondary,   preserve  in    their  at* 

1/      uient  moiit  of  the  cliaracters  ><■  if 

i^^i^   rv^     f^)     '^    which   they    originutotj.      The  <«!; 

\&^*^^^      /'s^         4i^;';     exceptions  to  this  rule  are  that   in  Ujp 

and   rapidly   growing    secondarv  Xmxdv* 
tlie   characters  are    sometimes    not  »p11 
marked;  and   when  growth  is  mpi'I  tJ* 
cells  are  irregular  and  often  C4>ntiiin  a<fn 
nuclei  ttian  one;  an<i  that  they  are*)ft<s 
altered  in  shape  by  mutual  pressare. 
Thus  when  cancer  of  the   bre:i-' 
duces  growths!  of  the  axillary  plai   . 
find  in  tbe  midst  of  the  lymphatii.  _  i:. 
epithelium    likt-    that    of    the    mainiiKi'v 
gland.     AVliirn   glandular    cancer  of  the 
duodenum  or   the   rectum    gives  ris^  !<» 
secondary  cancer  of  the  liver,  we  find,  in 
the  hitter,  siructnrei*  like  J^ioherkuhniui 
glands.     In  fact,  there  is  !>ow4-d-ti.'ism*  id 
the  liver,  and  so  in  many  other  caste*. 

2.  The    Stroma    of  '  Cancer. — The 
.stroma  is  esscntiallv  the  tissue  of  the  pan 
into  which  the  epithelial  grovrtli  exteoda. 
,,*'.,  ,    r  -l-t  1'^  connective-tissue,  either  nonn«l  or 

_,  ,-      .        ji     1       i      I  nviierwnuc,  or  intlatned   an<l    ;  th 

gU«-«haped; /,  A,  cellii  ihowiiig    leucocytes  or   nuclei.       I  he    (  e- 

mucous  degeneration.  ti?*sue  mav   also  unilergo  hyperplasia  ae> 

cording  to  the  ordinary  process,  and  thu 
a  good  deal  of  it  may  be  of  new  formation.  But  it  is  not  formed  oflt 
of  the  epithelium,  which  only  acts  a.«  a  sort  of  irritamt.  stirrinp  op 
growth.  The  cells  of  the  stroma  are  acconlintrly  distinct  from  thcijf 
enclosed  in  the  alveoli,  and  present  the  general  characters  of  connec- 
tive-tissue cells,  as  will  he  seen  in  Figs.  <?-  and  t)4. 

The  stroma  carries  the  hloodve8.sels  of  cancer,  and  these  do  ool 
penetrate  the  cell  ma.nses. 

It  is  usually  arranged  in  irregular  spaces  freely  communicsUng 
with  one  another,  wliicli  hxik  roundish  or  nval  on  section,  caJlw 
aheoli.     This  alveolar  structure  is,  in  the  main,  characteristic  of  can- 
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Cer,  being   fuuml  in  all   forms,  tIioii;;!i   Ifcss  tleveloped   in  I'pitliL-linina, 
and  bein^  only  j^t'fii  ijt  rutlier  niri' fliiins 'tlmtiTuniu  (lilvuular  sarcoitui). 

Tfie  atroiiin,  Uke  tlie  cells,  is  subject  to  degeneration,  especially 
fatty  :   lUjiil  may  be,  in  rare  cases,  calcified. 

Cancers,  like  simple  epithelial  growths,  form  two  great  groups: 

1.  tSiiuamous-celleti  or  epithelial  cancer,  or  w!iat  is  usually  called 
epithelioma. 

"2.  Gtuiidular  cancer,  iiR-hnlin>>;  those  derived  from  cylindrical  or 
tubular  glands,  atnJ  from  sf.fberuidal  epithebuui.  which  forms  liistoio- 
gists  now  generally  eorn[U'i.se  in  one  class. 

Cyliridricai  epithelium  of  surfaces  (e.  i/.,  the  re.spirntory  tract)  does 
not  appear  to  give  rise  to  cancer.  One  does  not  tjuite  see  why  it 
should  not  do  so,  and  possibly  instances  of  this  formation  may  here- 
after be  discovered;  but  up  to  the  present  time  it  would  ap])enr  to  be 
the  rule  that  cancers  of  such  surfaces  always  originate  in  their  ixbinds. 

In  the  case  of  the  intestinal  epithelium,  however,  the  cylindrical 
cells  of  the  Kurface  are  so  much  like  the  cells  of  t!ie  tubular  glands 
thai  it  is  sometimes  very  difficult  to  say  whether  any  particular  tumor 
is  to  be  regarded  as  having  originated  from  surface  epithetium  or  from 
glandular  ojiitheliunii. 

Flat-celled  Epithelial  Cancer — Epithelioma. — Tliis  form  may  be 
found  wherever  there  is  sipiamous  epithelium  or  epidermis.  Its  favorite 
scats  are  the  skin,  especially  of  the  face; 
and  the  genitals,  raucous  surfaces  adjacent 
to  the  skin,  as  those  of  the  un>uth,  the  ear  ; 
al.'io  in  the  j^harynx  and  (esophagus,  the 
vagina  and  cervix  uteri,  etc. 

The  tumors  may  project  on  the  surface 
in  the  form  of  a  wart,  or  may  form  hard 
flat  masses,  or  a  diflTuso  infiitration.  On 
scraping  the  surface  of  a  cut  section, 
squamous  cells  are  obtuineil,  both  loose 
an(J  in  the  form  of  concentric  bodies  culled 
globes,  pearls,  or  cel!-nests  (Fig.  51').  By 
pre.ssure  wliitish  plugs  may  be  siiuoczed 
out,  which  consist  of  mas,ses  of  the  same 
cells. 

The  tumor  is  formed  by  an  increase  and  inward  growth  of  the 
epithelium  or  epidermis,  which  jienetrates  the  suhjaceut  coriuni  or 
connective-tissue  in  columns  of  cells,  which  though,  in  cross  section, 
they  may  exhibit  apparently  isolated  masses,  are  all  in  connection 
with  the  original  mjLss  (Fig.  60). 

In  these  masses  the  concentric  cell-nests  may  he  ?een  abundantly, 
and  in  the  ca.se  of  skin-cancers  the  central  part  often  undergoes  a 
horny  degeneration  like  that  of  the  su[)erlicial  layers  of  epidermis. 
It  is  evident  that  in  its  relation  to  the  blood  supply  the  centre  of  the 
globe  corresponds  to  the  surface  of  the  epidermis.  The  degeneration 
does  not  occur  uniformly  but  at  intervals.     Such  globes  are  occasion- 
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allj  found  in  simple  epithelial  growths,  but  less   abunfl»ntlj 
cancer. 

The  stroma  of  the  cancer  is  formed  by  the  connective-tissue  1 
part.  This  may  be  little  changed,  but  may  be  more  vascular;  w  t 
fibrous  bundles  may  be  hypertrophied  :  or  the  tissue  mny  be  infiluil 
with  leucocytes;  or  may  be  merely  more  abundnntlv  suppbed  tk 
usual  Avith  niiflei.  These  changes  must  be  reganietl  us  infJutnisAtM 
and  caused  by  the  irritation  of  the  epithelial  growtii.  This  irrinai 
may,  of  course,  as  in  other  cases,  lead  to  a  new  fortiiatioti  of  conl 

Fio.  no. 


fi(luaniou»-c«lle<l  cpitheliomik. 
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tiMue  vf  th«i  forioto. 

tive-t)S8ue,  and  hence  [lart  of  the  stroma  may.  as  well  as  the 
lial    cells,   be    a   new-growth.      However   abundant    t}ie    8inall-Wll( 
infiltration   of  the   stroma   may  be,  we   never  see  tranflitioii&l 
between  these  smnJI  cells  and  the  epithelial  cells. 

In  some  cases  it  is  very  difHcuh  to  say  whether  the  oriifin 
growth  was  from  the  epidermis  or  from  the  skin-glands,  esj>eciii 
sebaceous  glands  (whiclij  embrynlogically,  are  derived  from  au 
tion  of  the  epidermis),  or  again  from  the  sheaths  of  hair. 

Epithelioma  is  more  especially  a  disease  of  advanced  life,  thou 
these  cases  occur,  exceptionally,  in  young  pei"8ons.  It  is  prob»ble  tl 
the  wasting  of  connective-tissue  in  older  individuals,  by  opposing  I 
resistance  to  the  growth  of  epithelium,  favors  the  growth  of  tiiia  fe 
of  cancer. 
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TJie  growtli  of  epittieSioma  is  often  very  slow.  It  is  very  liable  to 
ukvnitioii,  iiml  Ky  this  process  causes  great  destruction  of  the  tissues. 
In  these  respects  irnini  differences  are  seen,  accordinj;  to  the  situation 
of  the  cancer.  It  spreads,  in  tlie  first  instance,  to  the  neighboring 
lymph-glatuls,  and  comparatively  rarely  gives  rise  to  secondary 
growths  in  di^tant  jiart.s. 

The  considenition  uf  tlie  clinical  characters  and  other  features  in  tlie 
growth  of  epilliolioma  belonij;s  to  works  on  surofery. 

Rodent  Ulcer. — This  is  a  form  of  lualigiiunt  cutaneous  tumor  re- 
garded by  English  surgeons,  though  not  by  most  Continental  writers, 
aS  distinct  from  the  Hat-celled  epithelioma  just  described.  This  histo- 
logical difl'ereTK'e  between  the  two  forms  is  thitt  in  that  now  spoken  of 
the  cells  are  much  smaller,  not  sipuim(iu8  in  form,  and  do  not  undergo 
horny  degeneration,  so  that  cell- nests  or  pearls  are  rarely  if  ever  loet 
with. 

Fio.  61. 
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h,  hitrny  Inver  ut  epidenuii;  m,  Mulpighiftti  Uyer :  <,  conaectire-liagiie  of  oorium, 
with  iiliiui'iunt  iiiiolei ;  i^,  inouM  of  new  epithelial  c«ll-gr«wtb,  starting  fh>m  the^uter 
r<K>t-slii3at)i  of  hair. 


The  cells  are  contained  in  distinct  alveoli,  which  cannot  generally 
be  traced  to  be  continuous  with  the  surface  epidermis.  On  all  tliese 
grounds  it  seems  that  thiJ  origin  must  be  difFeretU  from  that  of  flat- 
celled  epithelioma,  and  cannot  be  referre<l  to  the  epidermis  a-s  a  wluile. 
The  normal  elements  most  like  cells  of  rodent  ulcer  are  those  of  the 
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•let-pest  part  of  the  Mjilpigliian  layer,  the  external  ro»>t-?licatk  i 
hairs,  iuid,  to  a  certain  extent,  the  epitlu-liutn  of  seboceoQ$ and fi^ 
parous  gluJids.  Now  the  origin  of  all  these  appendages  of  tbeiki* 
the  same. 

They  are  all  formed  by  an  ingrowth  of  the  deep**st  portion  nftk 
Mulpighian  layer  ihtririfi  fa-tal  life.  Althoiigli  we  cattTiot  <li6tit\ffui 
those  cells  of  the  facial  epidermis  which  are  destine<l  to  forni  tlirott* 
neous  appentlages,  from  tliose  which  are  destined  to  form  the  suptrW 
homy  epidermis,  there  must  be  some  original  difference  tfetvecutiis 
which  makes  them  develop  in  a  different  way.  an«l  possibly  thcwot* 
may  originaHy  be  more  deeply  seated  than  the  oiher. 

At  all  eventvS,  as  new  grmvth  sotnetimcs  invlieatos  an  oriffinal  ii^ 
opmental  distinction  not  otherwise  trueeiible  in  the  adutt  bodt.»» 
may  say  that  sqiiamoiis  epitlielioiua  arises  from  that  ftortion  of  cpti* 
mis  which  is  endowed  with  the  power  of  forming  superficial  l<un»t 
scales;  while  rodent  ulcer  originates  in  that  portion  which  either b* 
foraied  or  is  capable  nf  forining  the  a|>pendagevS  of  the  skin. 

^'^ery  different  views  have  been  taken  of  the  origin  of  nvdeni  v\es 
by  different  observers,  and  by  the  same  observer  nt  diflVrenl  tiinw.  i 
having  been  referred  to  the  sebaceous  or  to  the  sweat  glantU,  tntW 
sheaths  of  hairs,  or  to  the  deepest  part  of  the  Mulpighian  layer. 

None  of  these  modes  of  origin  is  impossible,  and  (  believe  t}iat,ii 
fact,  each  may  have  been  true  of  particular  specimens. 

Fig.  •j1  represents  the  commonest  appearance  in  spieciinens  ufrodflt 
ulcer,  where  the  small-celleii  growtli  is  seen  to  start  from  the  extfrnil 
root-sheath  of  n  hair,  and  grow  (Hit  in  prolongations  into  the  sum»ua<l- 
ing  tissue,  while  small  masses  of  the  cancer,  out  in  section,  prt^'nl  'Ji^ 
appearance  of  the  alveoli. 

Another  specimen,  which  has  mure  the  appearance  of  a  ghmiular 
tumor,  is  drserihed  ami  ligured  briow. 

Gland- caticer. — ^'!lvi<)U.•s  kinds  uf  glands  may  give  ri.He  to  cancrr. 
The  ulliuiiite  structure  is  much  the  same  in  all,  hut  in  some  ihcglandB- 
lar  arrangement  of  the  epithelium  in  follicles  or  acini  is  prttcrrvl 
much  lotigcr  than  in  others.  These  are  differences  of  degree:  Iwt 
still  there  is  a  convenience  in  following  the  old  distinction,  now  nrs- 
loctcd  by  histologists,  between  glands  with  spheroidal  and  those  witil 
columnar  e|>itheUum.  To  tlie  former  belong  the  glands  of  the  skin, 
anil  the  mammary  gland  (which  may  be  regardetl  as  a  highly-drne}* 
ojjed  sebaceous  gland),  the  others,  called  special-secreting  glands,  «!«! 
Ibe  kidney.  To  the  second  belong  most  of  the  glands  of  the  stoinaei 
and  intestines,  and  the  ghinds  of  the  uterus.  The  epithelium  of  the 
Graafian  follicles  of  the  uviiry,  and  that  of  the  closed  follieirs  of  tbe 
thyroid,  supra  renals,  and  the  remaining  blood-glatids,  form  «  tbivl 
class. 

Glands  with  spheroidal  epithelium,  when  they  form  cancer,  aocn 
lase  the  acinous  or  glandular  arrangement,  and  present  the  aUeohr 
structure  of  cancer.  The  glamluhir  origin  being  thus  obscured,  ihetc 
forms  are  sometimes  known  as  carcinoma  vulgare  or  simple  cancer. 
Mammary  cancer  is  the  best  type. 


NEW    GROWTHS    OF    EPITHELIUM — CANCER. 

CvlindriL-at-cfllisl  ^laiuls  often  grow  intolari^t'  mjisscM,  indistinj^uisli- 
able  fidiri  fitiifile  mU'iinma  hffi»re  tlio  structure  breaks  up  into  the 
irrc^^uijir  fVinii  of  t-atifi-r.  Honcf,  these  have  been  called  adenoid 
c;tije<r  or  tulmhtr  epithelioriiit.  Malifinant  ;:rowlli8  arising  frotu  the 
Lieherktihuiaii  crv])(s  of  the  duodeiniin  nr  the  rectum  (rectal  cancer) 
ftirni  the  Inat  type.  These  are  often  with  difficulty  <iistiiiguished  from 
Bini[>le  adenoma  of  tliose  parts. 

Without  further  attempt  at  cla-ssification  it  will  be  most  convenient 
to  take  in  order  the  diflerent  organs  which  cancer  nio."!t  conunonly 
affects. 

Cancer  of  the  Mamma.  —  This,  the  moat  carefully  sindied  of  all 
cancers,  is  found  in  masses  which  present  perfect  alveolar  structure, 
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ScirrJius  uf  the  breAst  (Conxii.  and  Ranvim). 

and  thus  have  been  called  carcinoma  simplex.  The  cells  are  multiform 
and  angidar  by  mutuiil  pressure,  but,  when  they  have  room  to  grow, 
resemble  spheroidal  epitlielium,  containing  one  or  moi'e  large  nuclei. 
Larger  and  more  coniplc.v  forms  are  sometimes  seen.  They  have  a 
markeil  tendency  to  fatty  degeneration,  which  may  be  eoni])nreil  to  the 
fatty  iiietabolisiji  by  which  milk  is  produced  in  the  novtn:il  epithelium 
of  the  ghiud.  Thestrotiiii  is  various  in  auioiuit  and  character.  ]ircsont- 
ingall  the  varieties  above  spoken  of.  When  this  is  very  abundant  and 
hard  the  tcirrhua  form  is  produced.  In  this  the  cells  undergo  atrophy, 
and  the  tumor  wastes  and  shrivels  while  continuing  to  grow  at  the 
margins. 
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The  fibrous  tissue,  contrapting  like  a  scar,  also  contribat«$  to  tk 
atrophic  process.     Tlie  growth  is  slow. 


i: 
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KI;iiiitiiiii-y  caticer  iiifecliiig  the  ctinuecljve  liastic  (  Walobvio). 

a,  vpithelial  prulil'eratiim,  aUirting  from  a  mammary  aoiniis:  6  A,  ei)ith<>Uiil  evU* 

pasBing  iuto  the  conncctive-tiiMuc  «par«a. 

When  the  ce31s  are  very  ahundiint  and  the  stroma  scanty,  the  ranctr 
is  often  ciilleil  nu'diitiarv,  beiiiji  mucli  softer  in  consistenee.  It  gDJw 
more  rapidlv  than  sfirrhu.s.  This  form  is  very  liable  to  central  Mift- 
ening  and  decay,  large  masses  of  degenerated  tissue  being  proUnceA 
But  no  elear  line  can  be  drawn  (unless  cicatricial  atrophy  bo  iviinW 
as  the  sign  of  scirrhus),  many  tumors  having  an  intei'uietUat«  eonsie- 
tenoy.      liotli  forms  are  liable  to  destructive  ulceration. 

A  marked  feature  of  uiammarv  cancer  is  its  tendency  to  infiltralr 
tlie  tissues  uii  a!!  sides  of  it.  This  exfilains  its  adhesion  to  the  akis 
above,  and  to  the  muscles  and  ribs  below.  By  the  same  process  wD- 
columns  insinuate  themselves  into  the  coriaective-tisaue  spacM  sad 
thus  into  the  lymphatics,  llu- axillary  lymph-glands  beinp  first  affectpl. 
After  this  the  pU-ura  ami  lungs  may  become  infected,  and  secoQilirr 
tumors  may  be  formed  in  distant  parts. 

Colloid  cancer,  showing  the  peculiar  degeneration  of  the  cells, u 
times  occurs.  Mamnniry  cancers  are  ela.ssified  in  a  different  mai 
by  some  surgeons,  as  acinous  an<l  tubular  (Billroth). 

Althougli,  a3  a  rtite.  no  ghtniluhir  structure  is  seen  in  mature  tnam- 
raary  cancer,  especfalty  in  the  marginal  parts,  which  are  generailr 
examined,  minute  investigation   luis  shown  that  in  many  CMMs  eCT- 
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taiti!y,  and  probalfly  in  mo8t»  it  starts  with  a  morbid  growtli  of  tlie 
acini  of  tlie  j^land. 

There  is,  however,  a  distinct  though  rare  form  called  "Duct  Can- 
cer,"' in  which  the  morbid  growth  appears  to  stiirt  froiu  the  epithelium 
of  the  taainmarv  ducti*.  In  this  Form  the  alveolar  croups  of  cells, 
even  when  of  n  considerable  size,  exhibit  n  central  lumen  and  colum- 
nar epithelium  an'anped  in  a  typical  nianner  around  it.  It  is  a  mre 
variety  of  cancer,  ami  I  liave  myself  had  the  opportunity  of  examin- 
ing one  s|iecituen  only. 

The  itifiltrutin2  and  infective  mode  of  growth  distinguishes  it  from 
an  udenouia. 

Cancer  of  the  Skin-glands. — The  aebaceoua  and  sudoriparous  glands 
show  niucb  more  tendency  to  form  simple  adenomata  than  cancer. 
Nevertheless.  trtn>  cancers  may  be  «ievelopetl  from  them,  jtroducing 
some  of  the  tumors  known  to  surgoon.s  as  rodent  ulcer.  An  example, 
probably  startijig  in  the  sebaceous  glands,  from  the  cheek  of  a  young 
woman  aged  27.  is  given  itv  Fig.  t»4.  It  might  almost  he  taken  for 
Bcirrhus  of  tlie  breast. 


^ 


Glaud-cancer  of  the  skin,  or  rodent  ulcer. 


This  form  is  usually  seen  in  tfie  u{)per  |»art,  of  the  fice.  It  is  much 
less  malignant  than  mammary  cancer.  The  growth  is  genenilly  slow, 
and  the  growth  rcujains  local  for  an  indefinite  period.  TJie  lymphatic 
glands  are  rarely  affected :  but  this  exemption  is  purhaps  due  to 
locality,  since  other  uiorhiil  processes  affecting  the  snvne  purl!!  (jupus, 
and  ordinary  suppuration,  ns  impetigo  eontagioHa)  rarely  affect  the 
glands.  The  lymphatic  communications  of  this  part  of  the  skin  ap- 
pear to  be  scanty.  When  destructive  ulceration  is  once  established, 
it  is  extremely  formi<lable,  anil  may  be  rapid.  It  is  by  no  means  cer- 
tain that  al!  cases  of  ''rodent  ulcer"  are  of  this  nature. 
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Cancer  of  the  Stomach. — It  i.s  probable  that  all   storoadi  cum 
originate  in  the  gji.stric  glands,  and  tlierofore  follow  the  jjener»l  li 
of  glandular  dovelopment.     It  is  a  remarktible   fact   that   -  — 
nomji  of  tbe  i?toni:i!c!i  is  »InKi<*t  unknown  :  ?i  glandular  >: 
ever  arising,  appi'ars  generally  to  beconio  malignant. 

The  form  ■vvliich   lias  most  resemblanoo  to  simple  a<lennm:\  t«  titrt 
whifh  18  called  nialii/ruint  adttnoma  or  adeno-carcinoina  {'/. 
called  columnar  cpitlielioina,  which  is,  however,  a   yorv    , 
diseane. 

In  this  the  gastric  gl(ind3  at  u  special  part  of  the  t>uri  i 
enlarge,  farming  tubular  glands  nun-h  larger  than    ihi*  n  l 

witli  a  tall  evlindriciil  e|'illieliniii.  while  the  other  struclurw  *^» 
and  disappear.  The  same  glnniluhir  structure  extends*  dowiiwafi 
affecting  all  parts  of  the  stnniach-wsll  in  turn,  till  it  is  converttnl  mtii 
a  nodular  tumor,  which  simultaneously  extends   in  a  lateral  dinectiii* 

The  general  structure,  in  this  .stjige,  is  not  that  of  nlvrotnr  ckbcct. 
but  eonsistsi  of  a  mass  of  interwoven  tubular  glan*!.**.  iwith  marginii 
epithelium.  The  tumors  are  soft  and  liable  to  ulceration.  ThrT  ir» 
highly  malignant,  often  producing  seciiUilary  growths  in  the  Ivinplutr. 
glands  and  metaslatic  nodules  in  the  liver;  while  in  ra  re  cases  <««- 
ondary  growths  have  been  found  in  various  organs,  even  the  sin 
{Tram.  Path.  Soc,  xxxiv.  p.  102.  Plato-s  8,  0).  The  gec.»ud»rT 
growths  have  nuire  the  character  of  ordinary  cancer,  but  still  m»i 
preserve  the  tubular  gland-strueture. 

We  may  say  that  this  character  of  malignancy  belonors  to  most  col- 
umnar gland-lumoi*s  of  the  whole  intestinal  tract.  Why  this  sbooM 
be  the  case  in  these  organs,  while  gland-tumors  of  the  skin  are  rarrh 
malignant,  we  do  not  know.  But  p  ssihly  the  higher  teruperatnre 
and  rich  va.scuhir  supply  of  internal  organs  have  something  to  '■ 
it ;  since  lioy  has  .-^hown  that  high  temperature  produces  relaxn 
the  tissues  generally. 

The  more  ordinary  forms  of  cancer  of  the  stomach  are  f^oTi-nlK 
distinguished  JLS,  L  Medullary;  2,  Scirrhus;  3.   Colloid. 

1.  Medidlary  or  .soft  cancer  forms  large  masses  of  new-.Towiii-, 
chiefly  at  the  cardiac  extremity,  and  often  round  the  cardiac  orificr  <rf 
the  stomach.  It  is  very  liable  to  softening  and  ulceration.  It  is  sai4 
always  to  originate  in  the  glands. 

2.  Scirrhus  or  hard  caiu;er  dilfers  not  only  in  tlie  degree  of  hartl- 
ne,«i.«i  but  in  its  situation,  being  found  at  the  ])ylorua  or  nejir  the  pylonc 
extremity. 

The  abundance  of  fibrous  tisKue  in  cancers  of  this  part  is  clearlr 
due  to  the  abundance  of  fibrous  and  muscular  tissue  in  the  walls  nf 
that  end  of  the  stomach.  The  structure  is  essentially  the  «»tnp  m 
that  of  the  other  variety,  but  masses  are  sometimes  met  with,  c»>m- 
poscd  chiefly,  or  it  would  seem  wholly,  of  fibrou.s  ti.ssue.  Heoce  thfv 
are  described  as  fibrous  induration  of  the  pylorus.  The  writer  ha« 
seen  specimens  in  which  no  cells  could  be  iliscovered  in  the  part  cxata- 
ined.     The  probability  is  that  such  a  mass  is  the  scar  of  cancer. 

3.  Colloid  cancer  occurs,  tliough  rarely,  sometimes  combined  witk 


simple  cancer,  sorni'tiincs  alone.  Even  the  earliest  stage  sbowa  the 
characteristic  structure. 

All  the  above  may  extend  in  the  usual  ways  of  cancerous  tumors: 
(1)  Ijy  direct  continuity  to  tlie  liver,  Jitid  other  Hdjuccnt  organs  ;  (*2)  by 
lymjdiiitics  to  tlie  retro-peritoiienl  j^hitids ;  Qi)  hy  eruholism  of  the 
pori;il  viiu  to  the  liver;  (4)  to  ilistitnt  organs,  probably  by  the  blood- 
cin  utiJiion. 

Cancer  of  the  Intestines. — -This  presents  the  same  types  as  in  the 
stoiuiich. 

Malignnrt  adenoma  ("columnnr  epithelioma")  has  been  found  in 
the  duodenum ,  but  more  fre([uently  in  the  large  intestine,  especially  in 


Prioiary  nmUgnant  uitenoiuii  of  duodeuum  (Dr.  S.  Ck>Dri.iXi>, 
Tnins.  Pulh.  S(K'.,  xxiv.,  pi.  iii). 

a,  ^land-tiibulc  with  ("ohimiiar  cpttheliuiii.  which  dhown  roinmcnoint;  priilifcration 
with  pnnliiL-(it>u  of  «iiuUer  ami  irrejfulur  wlls  ;  6,  nrKith<»r  tubule  rihowing  I'l'll-jirolife- 
raliim  in  ;i  tnore  advanced  stage  ;  c,  ciuinpotive-tiHsue  stroma. 

the  rectum,  where  it  forms  the  typical  rectal  cancer,  whiclt  is  the 
commonest  form  of  inte^tinid  cjincer. 

The  tnuisitiou  from  the  glanduliir  type  of  growtli  to  the  atypical 
arrangement  of  cancer  may  sometimes  be  traceil,  as  in  the  .specimen 
figured  (Fig.  O'l),  ivhich  is  that  of  a  primary  maligiumt  adenoma  or 
cancer  of  the  duodenum.  It  affc-cteil  the  gall  bludder,  and  produced 
also  one  .secondary  nodule  on  the  liver,  which  later  w.ns  carcinomatous 
but  not  ghmduhir  in  structure. 

The  ordinary  cancer,  in  its  medullary  anil  seirrlious  varieties,  also 
occui-s,  anil  has  been  in  some  cnses  traced  to  it.n  origin  in  the  Lieber- 
kiibnian  gland.s  It  causes  constriction,  Well-marked  .scirrhiis  is  not 
common.  Colloid,  on  the  other  hand,  is  more  often  met  with  here 
than  in  the  stomach,  and  is  often  combined  with  the  .same  disease  of 
the  peritoneum. 

Intestinal  cancer  gives  rise  to  secondary  growths  precisely  in  the 
same  manner  as  cancer  of  the  stomach.  Kectirrence  after  removal  is, 
for  obvious  reasons,  seen  only  in  cancer  of  the  rectum. 

Cancer  of  the  Liver. — This  is  generally  secondary,  but  primary 
growth.s  do  occur,  though  rarely.  Prinuiry  cancer  is  seen  in  the  form 
of  large  tumors,  with   the  usual   alveolar  structure  varying  in  hard- 
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nes3,  Tlie  precise  origin  of  these  caacere  is  not  alwavs  clear.  Bn 
the  record  of  cases  of  primary  cancer  of  the  liver  publisneil  witJiniW 
lust  few  yeui-s,  leads  to  tlie  conclusion  thut  there  are  two  diRtinct  Simi 
of  this  growtli.  Tfie  commoner  form  is  much  like  a  simple  »iiMicat, 
having  !i  lulndiir  gluiul  structure  with  columnar  epithelium,  tbou^f 
may  be  higlily  ticiHgiiant.  Tliis  form  has  been  tljought  to  ongilitteii 
the  epithelium  of  the  bile-ducts.  The  secon<l  and  rarer  form  «h<»»> 
cells)  resembling  liver-cells  irregularly  arranged,  or  •with  an  iiu|*Tf!fl 
acinous  structure.  This  would  seem  to  originate  from  the  livt-f-ttils 
proper,  and  thus  to  C(>rre»pond  to  tlie  primiiry  cuncer  of  other  glai»i«. 

Secondary  eancer  is  derived  mo><t  frct|uently  from  a  primal v  gri'»ti 
in  llif  gaatro-intestinnl  tract;  but  cancer  of  any  part  of  tbe  mmIt  nor 
produce  8won*hiry  tutnors  in  tiiis  organ. 

KverN'  kind  of  cancer  may  thtis  he  represented  in  the  liver,  hat  thit 
most  freipiently  met  with  is  a  soft,  rapidly -growing'  cancer  with  ah»> 
lar  stntcture,  having  the  appearanee  called  meilullary.  It  cawei 
immense  etdargeitU'nt  of  the  organ,  the  largest  livers  met  with  (tvclN 
or  fifteen  pounds,  or  even  more)  being  jiroduccnl. 

The  tumors  are  nearly  always  seen  on  tlie  surface  of  the  ortrm. 
where  they  form  raised   masses  with  a  depressed   or  '' iimbiliessrl 
centre. 

Varying  degrees  of  hardness  may  he  met  with    till    we  do 
cancer  so  hin*d  as  to  be  called  scirrhiis.     Nevertheless  a  tiiii 
senting    the    *itony    liardtiess    and    cic;itricial    atrophy    of    ini'iM  . 
scirrhus,  is.  if  it  ever  occurs,  extremely  rare. 

Wlien  the  primary  wincer  is  situated  in  the  region  of  the  wrrtil 
venous  system,  the  germs  are  prubably  always  conveyed  throngti  tlus 
system,  nnd  di.stinct  caueerous  endioli.sm  of  portal  vessels  is  soTartiintf 
seen.  In  other  cases  the  path  of  infection  is  not  so  clear,  but  it  i* 
probably  through  the  arterial  .sy.stem.  Cancer  of  the  kidney  htt»  \Ktn 
i;no«n  to  reach  the  liver  by  firsl  enusirig  cancerous  thrombosis  of  iB 
adjacent  mesenteric  vein,  and  thus  entering  the  portal  trunk. 

The  secondary  cancer  sometimes  occure  in  minute  growths  m 
generally  discern inatt?d  through  the  organ  as  to  form  a  *•  cnuoeroaf 
infib  ration. " 

Till-  ^jtientioii  has  lieen  raised  whetlu-r  the  liver-cella  take  part  in 
the  formntion  of  secondary  cancer.  Some  hold  that  they  are  converted 
by  infection  into  caneer-eells ;  some  regnrd  the  latter  vis  entirdr 
formed  by  proliferation  of  cells  derived  from  the  primarv  gTowlh. 
This  is  a  disputed  point,  not  rijie  for  positive  decision  :  but  the  writ«r 
decidedly  in<'lines  to  the  hitter  view,  believing  that  the  liver  cells  merrlt 
undergo  hyp<»rtrophy,  while  tlje  blocMlvessels  and  conneclivc-tis-^a* 
are  u.-^ed  u]»  in  forming  the  .«tnima  of  the  new-growth. 

Cancer  of  the  Lung. — Primary  cancer  is  so  rare  that  it  umlhi  be 
doubtful  whether  it  ever  occurs;  tiiat  is,  in  those  cases  where  the  lua,C 
has  been  apjr.irentlv  the  only  organ  affected,  there  mav  have  lM?ea 
some  primary  cancer  elsewhere  overlooked.  Ziegler,  however,  rdlrt* 
to  some  cases. 

Secondary  cancer  occurs  in  two  forms — (1)  as  an  in6ltration  sprcwl- 
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ing  from  the  broncliial  or  mediastiual  ^rlfUTdi*.     But  tlie  histology  of 
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rnrms  is   tlmjiittul,  and   accoi 
nircly  starting   in   lymphatic  ghinds  could  liardly  be  called  cancer, 
unless  there  were  some  einbryonie  niisplaci'ment  of  tisane. 

2.  By  infection  from  some  distant  primary  cancer.  Cancer  of  the 
breast  may  nftcct  the  lung  through  the  pleura,  bnt  in  other  cases  the 
germs  will  be  brought  bv  t\w  circulation,  forming  a  cancerous  enibol- 
isni.  Almost  every  form  of  cancer  is  represented  in  these  secondary 
growths. 

Cancer  of  the  Kidney. — Piimary  cancer  of  the  kidney  forms  large 
masses  whicli  preserve  in  a  remarkable  ilegree  the  natural  outline  of 
the  organ,  and  are  generally  stwctly  limite<I  by  the  capsule.  Very 
large  tumors  may  bo,  Lowevcl-,  thus  formed.  The  consistence  is  rn'arly 
alwnys  soft  and  mcdidhtry.  The  cells  are  notable  for  their  gviicndly 
small  size.  In  several  cases  where  the  origin  of  these  growths  was 
minutely  e.xiittiitied,  they  wen*  found  to  begin  with  hyperplasia  of  the 
renal  <'pithelium,  and  tube-formation,  so  tliat  the  new-growth  resem- 
bled an  adenoma.  This  is,  tlierefore,  probably  the  way  in  whieh  all 
originate. 

Very  large  congenital  tumors  of  the  kidney  sometimes  occur  in 
infants,  and  may  even  reach  .so  large  a  size  during  f<Teta3  life  as  to 
obstruct  birth.  They  have  been  generally  described  as  cancer,  but 
perhaps  would  now  be  called  sarcoma. 

C:incer  of  various  forms  may  occur  in  the  kidney  secondarily  to 
grcuvths  in  other  organs. 

In  tliese  cases  the  cells  appear  to  be  carried  by  the  circulation  into 
tlie  Malpighian  tufts,  and  there  to  form  a  species  of  embolus,  from 
which  the  secondary  growth  originates,  as  in  the  case  of  the  adenoma 
figured  on  p.  200, 

Cancer  of  the  Uterus  — ( iroAvths  thus  called  are  of  two  chief  kinds: 

1.  Flat-celled  epithelioma,  already  spoken  of, 

2.  True  carcinoma,  which  alone  we  describe  licre.  The  naked-eye 
appearance  of  the  two  i.s  very  similar. 

The  true  cancer  of  the  uterus  usually  begins  in  the  cervix,  more 
rarely  in  the  fundus.  It  is  very  liable  to  necrosis  an<l  ulceration. 
Its  consistency  is  usually  soft,  but  varying  in  hardness.  The  alveolar 
structure  of  mature  cancer  is  generally  to  bo  recognized;  but  if  the 
origin  of  the  growth  be  minutely  examined,  it  is  traceable  to  an  over- 
growth of  glandular  epithelium.  Hence  it  is  a  form  of  adeno- 
cjircinoraa. 

Metastasis  to  other  organs  occurs  much  more  frequently  than  in  the 
squamous-cclled  cjincor  of  the  os  uteri. 

Cancer  of  the  Ovary. — This  has,  in  early  stages,  a  marked  adeno- 
matous character,  reseudding  the  cystic  adenoma ;  but  in  some  cases 
a  great  variety  of  epithelial  cells  is  met  with.  It  maybe  the  starting- 
point  of  sei'ondary  tutnoi-s. 

Cancer  of  other  Glands. — The  pancreas,  the  salivary  glands,  the 
testicle,  may  all  be  the  starting-point  of  malignant  growths,  which, 
when  fully  developed,   have  the  alveolar  structure   characteristic  of 
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cancer  and  epithelial  cells.  When  minutely  studied,  their  origin  a» 
generally  be  traceil  to  hyperplasia  <jf  the  ep>itheliuai  of  the  glaivklu 
tubes  or  acini. 

Cancer  of  the  Thyroid,  and  otiier  hlood-glanJs  with  citwiod  f'.lliw.r. 
is  hIsm  kntnvi),  nhicli  Iims,  In  all  prdhaliility,  an  analogous  mo<le <if  <">rip«- 

Cancer  of  Bone  and  Connective-tissue. — Tlie  ijuestion,  whrtlifT 
true  cancer  with  epitheliiil  cells  can  originate  in  bone,  is  n  Uiffidit 
one.  Nevertheless  growtlis  are.  in  very  rare  cases,  met  with  m  l»e? 
having  a  structure  indistinguishable  from  those  arising  from  gUtnldif 
epitiielium.  8ucli  have  been  f<een,  for  instance,  in  tlie  os  ihi.  TW 
exjiliiuiitiun  probably  is  that  a  portion  of  embryonic  tissue  from  •"• 
ghmdular  ur^'iiti  wa.s  displaced  Iroiil  its  connections  and  iurb.''  1 
the  lH>ue,  Justus  rudiments  of  hone  or  cartilage  become  itici"!'!';  ■■ 
the  testicle  or  parotid  [see  page  21«i). 

In  any  case,  tliese  instances  are  too  rare  and  exceptioniii  to  xn<xlift 
the  general  principle  of  classitication  of  new  growths  stated  alwvt. 

Certain  s|u-ci;tl  fi>nn.s  of  cancer  must  also  be  noted. 

ScirrhuH  or  Hard  Cancer. — This  name  is  given  to  cancers  in  KthiA 
the  stroma  is  greatly  developed,  and  consists  of  very  thick  aod  luu4 
bundles  of  fibrous  tissue,  while  the  cells  suffer  atrophy. 

Cancers  are  sometimes  classified  with  reference  to  this  charncttr. « 
scirrhous  and  medullary,  or  hanl  and  soft,  medullary  meanin 
in  which  the  cells  predominate  and  the  stroma  i.s  scanty.  IJ- 
this  is  a  question  of  degree,  it  is  not  a  good  ba.sis  for  clas.>-:: 
Many  of  Avhat  were  once  called  medullary  cancers  are  no", 
sarcoma. 

Scirrhus  occurs  chiefly  in  certain  situations,  as  the  breax.  Mi- 
rectum,  the  pylorus.  Scirrlious  cancer  of  the  breast  is  notiible  for  iti 
malignity. 

Colloid  Cancer  (formerly  called  Alveolar  Cancer). —  Fn  thi.  tin- 
tumor  undergoes  colloid  degeneration  [xei;  page  15H),  which  cblfflj 
affects  the  cells,  and  thus  tlie  alveoli  may  contain  only  hoinogencoib> 
colloi<l  substance  with  vestiges  of  cells.  But  it  may  affect  the  strwui 
also.  These  cancers  are  translucent  and  gelatinous,  resembling 
myxotna  iti  outward  cliaracters,  though  the  anatomical  distinction 
between  tlie  two  is  obvious.  The  form  in  which  the  stroma  is  chifflT 
aifected  by  tlie  colloid  change,  the  cells  being  altered  only  in  a  sub- 
ordinate degree,  ha^  been  called  eareinoma  myxo-mutodes. 

Colloid  cancer  is  almost  confined  to  the  abdominal  organs,  affectioi^ 
the  intestines  and  peritoneum  chiefly.  It  may  also  occur  in  ibf 
mamma  primarily,  and  in  other  parts  as  a  secondary  growth,  or.  in 
excessively  rare  cases,  primarily. 

Two  views  have  been  taken  with  regard  to  colloid  C4»ncer,  either 
that  it  is  a  degeneration  of  ordinary  cancer,  or  that  it  is  a  form  dis- 
tinct from  the  beginning.  The  former  view  is  supported  by  the  ores' 
gional  occurrence  of  forms  in  which  the  colloid  is  combined  with 
simple  cancer  of  the  medullary  variety,  but  the  latter  view  is  probaMj 
correct.  The  reason  for  thinking  so  is,  that,  in  manv  case-s,  the  fi^ 
earliest  colloid  growths  which  can  be  traced  present  this  characteristic 
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metabolism,  and  that  the  same  property  belongs  to  secondary  growths 
derived  from  them.  This  mucous  metabolism  would  then  be  an 
original  endowment  of  the  cells  forming  the  cancer.  These  cancers 
are  so  rare  that  it  is  difficult  to  ascertain  with  precision  where  they 
originate.  But,  bearing  in  mind  what  was  said  before  about  the  re- 
production in  cancers  of  the  physiological  properties  of  the  tissue  in 
•which  they  arise,  it  may  be  plausibly  conjectured  that  the  peculiar 
properties  of  colloid  are  due  to  their  starting  originally  from  muci- 
parous glands.  Considering,  however,  that  thev  sometimes  appear  to 
arise  in  the  peritoneum,  this  view  is  only  hypotlietical. 

Colloid  cancer  is  not  generally  considered  to  be  extremely  malig- 
nant. Nevertheless,  there  are  many  instances  of  its  being  in  a  high 
degree  locally  infective,  and  giving  rise  to  numerous  secondary  growths 
in  distant  parts. 


CHAPTER    XXI  II. 


CYSTS   AND   TERATOID  TLTMORS. 


There  remains  for  consideration  a  certiiin  cUiss  of  new  piwJwiwm 
wliich,  not  strictly  tumors,  nor,  generally  speakinjf,  new-prDWlK>,  i^v 
usually  considered  along  ivith  tlie  latter,  namely,  those  stnictarw 
called  cysts. 

Tinier  this  Lead  are  coinpris^ed  object^  so  fJifferent  in  origin  iwi 
nature  tli:it  it  is  soniewiiat  illyj^ical  to  cidl  them  ull  by  the  same  uwu. 
atid,  indeed,  tlie  inclu^^ion  of  them  in  one  class  is  rather  a.  matiffv'f 
convenience  than  of  scientific  order.  The  only  character  oHnnxm  i" 
all  cy.st8  is  to  consist  of  a  cavity  with  a  distinct  wall  cotitainin<r  fiun! 
or  semi-fluid  material,  so  us  to  assume  a  more  or  less  splitroidid  sliilif. 

The  name  is  not  given  to  normal  parts  of  the  botlv  hnvinjr  ^h* 
structure,  such  as  the  closed  ftdlieies  of  the  thyroid  or  sitnilttr  pinni'. 
unless  they  are  enlarged  or  in  some  way  altered  from  tiieir  Mriptal 
structure  ;  and  it  is  not  customary  to  csdl  a  temporary  cavitv,  Buch  uta 
abscess,  though  it  may  eorres{iond  to  the  above  <lefinition,  a  CT»t;  b* 
there  is  a  little  inconsistency  in  the  apiilication  of  the  term^  miii  io 
limitations  are,  to  some  extent,  a  matter  of  convention.  A  nf^r- 
growtli  which  )*ror]uces  or  contains  cysts  is  called  eygtoma  or  cvstir 
tumor;  but  this  name  should  not  lie  applied  to  a  single  cV8t. 

Component  parts  of  Cysts. — Every  cyst,  as  thus  liefTnei],  coitsiM 
of  two  parts,  the  wnU  and  the  cwHfchfa.  The  wall  is  (wmposed  cbirft 
of  connective-ti.«Hue,  either  distinctly  separable  from  the  surroani 
ing  tissues,  or  else  a  part  of  them.  It  is  often  lined  with  eT>itht*liam. 
but  the  presence  or  absence  of  this  structure  depends  ujjnn  the  mtidf 
of  formation  of  the  cyst,  as  will  ujipear  in  describinrj  die  different 
kinds.  8uch  a  lining,  if  present,  is  never  prodiice«l  entirely  de  iifli*, 
but  is  a  development  of  the  epithelium  of  the  part  in  which  'the  cv*xi» 
formed.  Thus  a  cyst  produced  by  breaking  down  or  sofening  in  tiw 
raidst  of  connective-tissue  will  have  no  epithcliitm  ;  but  a  cyst  forniM, 
as  many  are,  from  a  glandular  organ,  will  have  one  derivetl  fiom  tl»p 
glandular  epithelium  of  the  original  part:  the  character  of  vrbich— 
ciliated,  columnar,  or  spheroidal — it  usually  preserves.  It  will  ofi(B 
alao  show  its  characteristic  metabolism — fatty,  mucous,  and  so  forth. 
But  sametimen  the  characters  are  lost  or  altered,  and  secondaiT 
changes  may  be  brought  about  eitlier  by  the  effects  of  iiiteruul  preewm 
or  oC  injuries. 

The  contenta  of  cysts  are  very  various,  and  depend  upon  the  i-^t'if 
of  the  parts  in  which  they  take  their  rise.    There  may  be  eeroii- 
mucus,  blood,  colloid  or  gelatinous  material,  or  musses  of  f^t,      iiui  »ii 
must  either  be,  or  have  been  at  one  time,  fluid ;  since  tlie  spherical  nr 
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Rplieroklii]  form  of  a  cjst  is  physiciil  evidence  of  tlie  fluiility  of  ihe 
matter  eiintiiiheil  in  it.  It  lui|>)jetis,  however,  not  iinfVetjiieiitly  tlmt 
by  ab.sorptiuii  or  concentration  tiie  contents  become  seiiii-soliil  or  gela- 
tinous. Tlie  specific  secretions*  of  the  parts  in  ivliith  cysts  arise,  such 
as  sebaceous  matter,  milk,  or  Vule,  are  often  amonfi  tlieir  contents*. 
Masses  of  cells,  derived  fri>m  the  lining  epithelium  nnd  other  morpho- 
logical products,  may  also  he  present. 

Since  all  the  peculiarities  of  cysts  are  refcraltte  ultimately  to  their 
origin  and  mode  of  formation,  these  diflerences  I'urm  the  oidy  conveni- 
ent basis  (if  elassifioilion. 

Classification  of  Cysts. — The  chief  forms  of  cysts  may  be  enumer- 
ated as  follows: 

I.  Cysts  jwoduced  in  a  ]>re-e.\istin;.'  cavity,  holhtw  organ,  or  part 
lined  with  ejtithelium  by  accumulation  ami  retention  of  its  natnnil 
secretions.  This  may  lake  place  either  (a)  bv  closure  of  the  natnnil 
opening,  sueli  as  the  duct  of  n  gland  or  orifice  of  a  tube,  or  (/>)  in  cavi- 
ties naliinilly  clo»ed,  sucJi  as  the  foilicles  of  llie  thyroid  or  ovary. 
They  niay  be  called  eifsd  of  n'teuthn. 

II.  Cysts  formed  unt  of  embryonic  rudiments  of  tubular  or  glandu- 
lar structures  imperfectly  developed  or  closed  during  foetal  life — 
devt'lopm t'ultil  tygta. 

III.  Cysts  produced  by  softening  in  solid  structures,  or  et/sts  of 
dmntt</r</tion.  'These  may  have  a  distinct  wall,  but  will  not  be  lined 
with  epithelium. 

IV.  Cysts  produced  by  dilatation  of  connective-tissue  spaces  or 
lyiiiplmtics  in  connective-tissue.  They  will  be  lined  witJi  endotliulium, 
and  may  be  called  cnffotfidiaf  ri/s(s. 

V.  Cysts  resulting  froni  a  coniifiuous  process  of  formation  in  amass 
of  solid  tissue,  .so  that  they  ajipear  to  arise  in  the  wall  of  tho.se  already 
existing.     These  are  called  proliferous  cysts  or  n/titoid  (wtiors. 

VI.  Cysts  formed  by  inversion  of  the  integument  of  the  body  at  an 
early  period  of  development,  known  as  dernioid  ei/stg. 

In  addition  to  these  we  have  wliat  are  called  parasitic  cysts;  i.  e., 
those  formed  round  cystic  parasites  imbedde<l  in  the  tissues.  In  these 
cases  there  is  a  sort  of  cafisular  or  fibrous  investment,  which,  being  a 
part  of  the  body,  may  be  ealteil  a  cyst ;  but  since  the  cystic  form  is 
produced  by  the  parasite  it.self,  it  is  better  not  to  reckon  these  struc- 
tures anmng  cysts  pniperly  so-called. 

Cft'xs  I.  Cysts  of  Retention.- — Cysts  i'ormed  by  accumulation  or 
retenlion  of  secretions  naturally  most  often  occur  in  glan<ls  when  the 
duct  is  from  any  cause  stopped  up.  So  long  as  the  gland  goes  on 
secreting,  there  is  naturally  an  accumulation  of  fluid,  which  dilates 
first  the  duct  and  afterward  the  gland  follicles.  This  will  go  on  in- 
creasing till  the  pressure,  or  an  alteration  in  the  gland  follicles,  puts  a 
stop  to  secretion. 

The  most  familiar  instance  of  this  process  is  seen  in  the  sebaceous  or 
atheromatous  cysts  of  the  skin.  These  arise  from  blocking  of  the 
orifices  of  sebaceous  glands,  either  free  or  those  connected  with  hair- 
follicles,     As  the  gland  goes  on  secreting,  the  sebaceous  matter  and 
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glandular  epithelium  nccxiinulate.  Hence  such  cysts  come  to cntiM 
a  tliick  gruel-likc  Huh]  (iitheromn),  consisting  of  fattv  j^  ran  ales,  piiH 
of  fliolcstenii,  and  a  viirinble  amount  of  glandular  epithelium  an<i(!^ 
dermic  scales.  The  original  orifice  inny  become  so  completek  oMmr- 
alcd  that  tlie  cyst  appcims  an  absolutely  closed  cjivjtv.  ll  niav  ol-:^< 
stttiiotiuics  sitiiiitc<l  rather  in  the  subcutaneous  tissue  than  the  fko, 
and  connection  with  ti  selKiceous  gland  may  appear  doubtful.  J'wsklT, 
in  such  cases,  the  cyst  originated  in  an  embryonic  interpapiliarv  p- 
cess  of  epidermis  whidi  was  the  rudiment  of  a  hair- follicle,  not  frs 
the  perfect  follicle  or  sweat-gland.  The  structure  will  then  apprat^ 
very  nearly  to  that  formed  b}'  an  introversion  of  a  portion  of  ibewbA 
skin,  or  a  drrmoid  cy(<t,  which  will  be  described  farther  on.  Ro4- 
nicntary  hairs  arc  .sometinies  f*iund  in  sebaceous  cysts. 

The  simple  or  compound  glands  on  mucous  surfaces  of\cngirph» 
to  cysts  by  retention  of  their  accretions.  The  commonest  csuw  4 
obstruction  of  the  orifice  of  the  duct  in  such  cases  is  chronic  c»Lviii» 
inlhuiimation  of  the  mucous  surface. 

They  occur,  for  instance,  on  the  lips,  on  the  iuner  surface  of  tk 
mouth,  and  on  the  tougue,  especially  at  the  posterior  part,  wherf  tk(ti 
are  large  glands. 

Another  class  of  similar  productions  is  found  on  the  mucous  mCB- 
bnine  of  the  stomach  and  intestines,  sometimes  small  and  ven 
numerous,  more  rarely  larger  and  scattered, 

Ijarger  and  more  distitjct  cysts  arise  from  obstruction  of  the  iin<l? 
of  the  salivary  gland,  forming  what  is  culled  runuhr.  A  siniiUr  c*- 
dition  hits  been  observed  by  Virchow  in  the  pancreas.  KeokliD!:)ikB- 
sen  has  shown  that  it  is  the  duet  of  the  gland  in  these  c^xsp*'  ^'  ' 
first  undergoes  dilatation  while  the  gland  goes  on  secreting. 

Obstruction  of  bile-ducts  in  the  liver  gives  rise  to  cysts  c<'i 
bile,  which   is  usually  inspissated  and  mixed  with    tnucli  cli": 
When  the  gall-bladder  itself  becomes  distended   by  ohIitenitioQ  of  Ue 
duct,  it  is  sometimes  spoken  of  as  a  cyst. 

The  name  is  given,  perhaps  with  more  propriety,  to  a  diUtstui 
from  obstruction  of  the  vermiform  afipondi.v  of  the  caecum. 

Several  forms  oF  cyst-s  are  found  on  the  naucoua  surface  r>f  tlit 
female  genital   organs.     Those  occurring  on  the  portio  -■  or 

cervi.x   of  the  uterus,  form   bladdcrdike  structures   with    '.  .(■- 

tents,  which  have  received  the  name  of  omda  Nab<tthi.  and  sitailtf 
structures  may  occur  on  the  inner  surface  of  the  uterus  itself  or  t« 
commonly  on  the  vagina.  Cysts  may  also  arise  by  dilatation  of  B•^ 
tholini's  glands. 

Cysts  may  also  be  produced  on  the  mucous  membrane  of  the  wrai* 
ratory  tract,  most  commonly  in  the  larynx,  by  liilatution  of  lauooio 
glands.  Cysts  in  the  kidneys  are  often  formed  in  chronic  interatitiil 
inHammation  of  those  organs,  through  obstruction  of  the  uriniferons 
tubides,  caused  apparently  by  contraction  of  the  newly  formed  fibrouf 
tissue.  These  cysts  are  often  minute  and  extremely  numerous,  bat 
the  precise  process  by  which  they  are  formed  is  somewhat  <>■  ^^ 

involves  questions  which  cannot  be  considered  here.      Ah  .1^ 
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of  cystic  fitrmation  in  tlie  kiduey,  apparently  coii;i;eii)tiil,  will  be 
spoken  of  jiresently. 

Cysts  forriieil  l>y  retention  of  products  in  closed  follicles  are  seen 
only  in  the  thyroid  and  the  ovary.  In  the  first-named  organ,  though 
it  ia  not  generally  called  a  secreting  ghind,  mucous  or  eoltnid  sub- 
Stance  is  piodufcd  in  the  follicles  by  metabolism  of  the  epithelium, 
and  removed  :ipparcntly  by  the  lymphatics.  Wlien  this  substance 
accunnibitcs  (whetlier  by  excessive  pruductiem  or  by  inif)erfect  rcTiioval 
cannot  be  said),  cy.'*tic  vlilatation  of  the  follicles  takes  jdace.  If  the 
walls  of  the  neighboring  follicles  become  absorbed,  as  sometimes  hap- 
pens, cystic  cavities  of  an  inch,  or  even  3ome  inches,  in  diameter  nuiy 
be  formed,  contiiining  liquid  or  gelatinous  substance  or  fat.  Thif* 
constitutes  the  cysitic  fiirm  of  goitre  or  bronchocele. 

Cyt^tic  formation  in  the  follicles  of  the  ovary  is  to  a  certain  extent 
»  physiological  process.  That  i,s  to  say,  tlie  swelling  and  ripening  of 
each  follicle  during  ovubition  produce  a  kind  of  cyst,  which  under 
normal  circumstances  bursts.  When,  from  some  cause  not  clearly 
understood,  the  wivity  remains  entire  and  exudation  continues,  a  cyst 
is  formed,  catle<l  a  simple  ovarian  cyst,  to  distinguish  it  from  com- 
pound ovarian  tumors.  These  cysts  Jire  usually  small,  but  in  rare 
ca.<«e.s  have  been  seen  as  h>rge  as  a  child's  head  or  larger. 

Class  II.  Cysts  formed  out  of  Embryonic  Rudiments  or  Develop- 
mental Cysts. — Certain  organs  of  the  liody  arc  at  an  early  perioil  of 
development  comjiosed  of  tubes,  which  afterward  become  converted 
into  closed  cavities.  The  thyroi<l  i.s  an  example.  Now,  if  u  portion 
of  the  embryonic  tubular  stage  of  an  organ  continue  into  later  life, 
cysts  may  in  like  manner  result  from  a  traiisfornjation  of  these  rudi- 
mentary tubes.  This  is  |»robably  the  explanation  of  certain  cysts, 
w  hicfi  are  often  found  on  the  broad  ligaments  of  the  uterus  and  in 
the  neighborhood  of  the  ovaries  and  Fallo[uan  tubes.  Some  of  these 
appear  to  arise  in  the  parovarium,  a  rudimentary  tubular  structure  in 
the  broad  ligament,  which  remains  as  a  relic  of  the  ■"WoHltan  body" 
or  /lU'fuinrjihrog,  an  embryonic  organ  wdiich,  in  manjmnlia.  prec<'des  the 
permanent  kidney  and  generative  apparatus.  Small  cysts  derived 
from  the  parovarium  are  very  common,  nnd  some  of  considerable  size 
are  oecasi<uial]y  met  with.  The  terminal  portion  of  Miiller's  duct  is 
dilated  into  a  cyst,  the  so-culled  hydatid  of  Morgiigni,  and  the  same 
name  is  given  to  a  corresponding  structure  in  the  testicle.  It  would 
ni>t  be  [possible  here  to  enter  into  the  anatomical  details  neecssary  to 
ex])!ain  how  these  cysts  arise.  Their  occurrence  is  mentioned  because 
they  throw  light  on  a  general  process  of  cyst-formation  which  is  im- 
portant in  other  casea  also.  This  process  consists  in  the  separation 
or  pinching  ofl'  of  a  portion  of  embryonic  tubular  organs,  wliich  por- 
tions then  beoune  dilated  into  cysts.  The  proces.-nlifTers  fronj  that  of 
cy.st-formation  by  simple  retention  of  secretions,  because  it  begins 
during  embryonic  life,  and  the  structures  thus  forme<l  are  accordingly 
congenital.  A  remarkable  instance  of  this  kind  is  seen  in  the  con- 
genital cystic  kiilney.  The  organ  at  birth  is  fouml  to  be  in  a  state  of 
80-called  *' cystic  degenemtion,"  being  converted  into  or  made  up  of  a 
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mass  of  cysts,  in  which  the  proper  secreting  structure  is  lost.  !«tl 
kidney!^  may  reach  a  very  large  size,  so  as  even  to  be  an  impeJiBai 
to  liirth. 

A  Hiiuilar  condition  \»,  rarely,  met  with  in  the  adult  kidiwt. i^ 
wliich  the  explanation  is  probahly  the  same — that  is  to  say,  it  i»o*- 
genital  in  origin,  and  due,  as  is  the  other  form,  to  cystic  de«reneri&a 
of  mdimentary  tubes,  not  of  those  completely  formed.  Vircnow,  h>»- 
ever,  refers  the  coiifrenital  cystic  kidney  to  obstruction  of  urini&iw 
tubes  by  infkninuiiion  during  f«tiil  life. 

A  similnr  condition  sonietimea  met  with  in  the  testicle  mav  *ifc» 
of  a  like  cxplaiintioii,  and  [a-rhaps,  thuiigli  more  doubtfullv,  ib^  iff* 
I'are  cystic  degeneration  of  tlie  liver  which  has  been  fbiui<}  ti>aooai> 
pany  the  cystic  kidney. 

A  certain  class  of  cysts  in  the  testicle,  called  spermatocele,  contia- 
ing  spermatozoa,  appear  to  arise  from  distention  of  detached  poro-'Ji 
of  seminiferous  tubes,  which  tlirough  some  error  of  development  b»v 
failed  to  become  connected  with  the  excretory  ducts. 

A  certain  class  of  cysts  foutul  in  the  ovary  show  their  origin  fn« 
a  fcetal  condition  very  cic-irly,  by  being  lined  with  ciliated  epiilidino. 
The  perfect  ovarian  follicles  contain  no  epithelium  of  this  kind.  l«n 
the  tubes  of  the  Wolffian  body,  which  was  the  embryonic  basis  of  iW 
ovar}',  as  of  other  parts  of  the  genitourinary  tract,  were  ciliac^ 
Hence,  these  cysts  are  with  much  probability  regarded  as  being  foroeJ 
from  remnants  of  the  Woffian  body  preserved  in  the  mature  ovtfj, 
not  from  the  ovary  itself. 

The  serous  cysts  of  tlie  neck,  called  hygroma  colli,  are  refcrrrd  » 
a  metamorphosis  and  dilatation  of  a  portion  of  the  congenital  fistuh 
sometimes  met  with  in  tlnise  parts,  which  forms  a  more  «>r  less  perfert 
couiiniunication  between  the  surface  of  the  neck  and  the  pliarrnx: 
representing,  in  fiu-t,  a  persistent  portion  of  one  or  other  oi  tbconp- 
nal   bninchial  clefts. 

ClaHH  III.  Cysts  of  Disintegration. — Cysts  produced  br  >i  f-  -  •  • 
in  the  midst  of  a  solid  <vrgaii  are  very  various  in  origin,  and  so  •! 
in  appearance  that  they  can  liardly  be  included  under  one  head.  .U 
an  example,  let  us  suppose  that  a  [)ortion  of  brain  softens  and  ti»«v 
from  its  blood-supply  being  cut  off  or  other  injury.  The  nrcnwJ 
tissue  is  never  restored,  but  being  gradually  absorbed  ond  the  »o^ 
raunding  part-s  being  unable  to  collapse  cotupletely,  a  cavitv  ift  Wk, 
which  is  filled  with  serous  fluid,  shut  in  by  a  sort  of  fibrous  camnlf. 
Such  a  cavity  it  is  CHstoraary  to  call  a  cyst  produced  by  snfUnin^ 
When  blood  is  extravasatcd  in  the  bniin,  it  may  be  <{uite  or  n«rir 
absorbed,  and  a  simihir  cavity  may  ultimately  result,  which  is  called  • 
hemorrhagic  or  ajjoplectic  cyst.  It  is  evident  that  in  mo6t  oreM* 
the  physical  conditions  are  not  such  that  a  cavity  of  this  kind  wook 
be  produced  by  the  same  process,  as  the  destroyed  part  would  coUaiM 
and  form  a  scar.  The  term  t;yst  is  not  therefore  very  appropriate  a 
these  cases.  Softening  of  the  bone,  in  the  disease  called  <Miteonialacni 
may  give  rise  to  similar  structures. 

In  many  new-growths,  especiutly  in  sarcoma  and    chi>ndron»,  iW 
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"softeninfT  of  certain  portions  often  produces  cysts,  and  hence  we  have 
tbe  mixed  forms  of  tumors  called  cysto- sarcoma,  cystic  cliondroiriH, 
and  80  on.  lint  iti  tumors  of  glandular  orgnns,  cysts  may  result  from 
a  process  of  formation  more  reiiembliiig  that  of  the  cysts  formerly 
described,  by  obstruction  and  dilatation  of  glandular  acini. 

Class  IV.  Endothelial  CyatB. — In  fibrous  structures  cavities  con- 
taining 8orou8  fluid  arc  often  produced  by  chronic  irritiuion,  and  pro- 
bably owe  their  origin  lo  dihitution  of  the  originrd  lymphutic  sput-es  nf 
the  fibrous  counective-tissno.  The  bur.saj  formed  in  the  neighborhood 
of  joint-s  or  other  bones  may  be  rcgurdciJ,  when  they  are  of  new  for- 
mation, as  cysts  of  tliis  kind.  Ganglion,  in  the  sheaths  of  tendon,  is 
a  less  perfect  example  of  the  same  kind. 

Cysts  contaijiiiig  Air. — In  tbis  class  must  be  placed  the  exceedingly 
rare  cystic  Htructures  produced  by  the  enclosure  of  bubbles  of  air  in 
fibrous  tissue.  Multiple  cysts  of  this  kind  containing  air  were  de- 
scribed by  Jcnner  and  Hunter  as  occurring  on  the  intestines  of  pigs, 
and  specimens  are  preserved  in  the  Hunteriun  Museum.  Almost  the 
only  example  from  human  pathology  is  one  described  by  the  writer 
some  years  ;ig<).  A  number  of  pedunculated  cysts,  arranged  in  clus- 
ters like  btUH-hes  uf  grapes  and  containing  gas,  wore  fuund  attached  to 
the  perit(uu-al  surface  of  the  intestines.  Tlie  contents  were  found  to 
be  essentially  almospheric  air  partially  de})rived  nf  oxygen,  which  had 
apparently  made  its  way  during  life  along  the  intestinal  walls  beneath 
the  serous  coat  from  an  ulcer  of  the  stomach.  The  serous  coat  was 
then  at  certain  points  pushed  out  in  the  form  of  cysts,  which  were  not 
mere  temporary  exjiansions,  but  liefinite  and  permanent  fibrous 
structures,  whicli  might  be  compared  to  serous  cysts  in  connective- 
tissue.' 

Clam  V.  Cyatoid  Tumor,  or  Cystoma. — The  only  cla.ss  of  cysts 
which  are,  strictly  speaking,  to  he  regarded  as  new-growths,  are 
tumors  in  which  there  is  a  continual  production  of  new  cysLs;  hence 
called  proUfiTous.  These  structures  are  almost  exclusively  found  in 
the  ovaries,  where  they  constitute  tlie  weil-kuown  and  formidable 
ovarian  tumors. 

It  has  already  been  mentioned  that  cysts,  rarely  of  a  considerable 
size,  may  be  Atrmed  by  dilatation  of  the  Graafian  follicles  of  the  ovary. 
These  mav  be  numerous,  so  that  the  condition  may  be  described  as 
cystic  degeneration  of  the  ovary  ;  though  each  cyst  for  itself  is  a 
simple  structure. 

But  in  the  proliferous  ovarian  cysts,  which  we  have  now  to  speak 
of.  there  is  actual  new  growth.  This  new  growth  may  be  of  two 
kinds.  In  the  rarer  and  simpler  kind  a  paptillary  growth  takes  place 
into  the  interior  of  the  cyst,  which  may  project  upon  its  inner  surface 
as  a  papilloma  of  the  .skin  does  upon  the  surface  of  the  body.  Some- 
times the  jmpillary  growths  may  grow  through  the  wall  of  the  cj'st 
and  project  into  the  peritoneum.     It  i-5  remarkable  that  the  inner  wall 
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of  tlieae  cysts  is  sometimes  lined  wholly  or  partial  I  v  vritli  cili»J<4f5>- 
ttjclidin.     This  fact,  together  with  otlicr  coiiaidemtions,  has  Ird  •• 
puilioJogists  to  think   tliut  tlu»se  cysts  tlo  not  arise    from 
follicles,  but  from  [)(>rti<,ms  of  die  |Miroviirium,  or  ntlier  rt-i,  ; 

VViillIiiin  body,  enclosed  within  the  ovary.  This,  thouu;b  nut  unnrtnii 
accciited,  seems  the  most  probahle  explanation.  Tliis  form  of  tur 
is  culled  cystoma  papilUferum,  or  papillary  cyst  of  the  ovary  [\km\ 

The  commoner  kind  of  compojiud  proliferous  ovarian  t       '    - 
foniis  a  mass  of  variable,  but  sometimes  of  enormous  size, 
tioii  is  found  to  consist  of  an  immense  number   of   larger  »r  suuJd 
cysts,  containing  fluid  wliich  in  the  smaller  is   gencrallv  thick.  Mat- 
cious,  and  of  gelatinous  apiu-anince,  while  iu  the   larger  it  is  ihiri^r 
and  more  resembles  serous  Huid.     It  is  often  stained  rod,  or  of  >an.% 
colors,  as  the  result  of  hemorrhiige.     The  walls  are  of  variable  ihxk- 
ness,   but   there  is  an   intcrini'diiite   tis-sue  of  solid    con- 
structure  of  which  throws  much  light  on  the  origin  of  tli- 
thi<»   tissue  are  contained  a  largo  number  of  small    cuvities.  Iuk-i  " 
cylindricol,  non-ciliated  epithelium  which  precisely  resemble  th"    j 
of  ghinils,  so  that  if  the  solid  portion  of  the  tumor  were  alone  n:'' - 
it  Avould  be  described  as  an  adenoma  or  glandular  tutnt>r.     On  •  ■>  : 
iiig  ihf  inofie  of  gri>wth  nf  thtse  tumoiT,  it  appears    that   thi<  i 
with  the  formation  of  glandnlar  acini,  and  that  by  secretion  ai      i 
ninhition    of  fluid   williin   these  glandular  structures     the    cv-- 
formeil.     Now  if  we  sujvpose  one  such  cyst  to  be  produce<J,  and  nratfc 
a  considerable  size,  it  will  be  eviiJent  that  its  walls  will  consist  of,  <* m 
least   contain,    the   glandular  tissue.     Hence,   when    new    cvsts  ts* 
fornud  out  of  this  tissue  they  will  ap|>ear  to  be,  or  in   one  sc  -    ■  ' 
be,  produced  by  the  wall  of  the  cyst  already  existing.       It  if  ' 
reasort  that  coinpouud  ovarian  cysts  are  spoken  of  as  prolifer 
as  having  the  power  of  producing  new  cysts  in  their  walls,      ."   ...    - 
the  larger  cavities  appear  to  be  fonne<l  by  rupture  of  the  wtdl«  of  ■djfr 
cent  cysts:  and  it  is  possible  there  may  be  an  extension  t»f  the  raritr 
into  the  neighboring  tissue  by  tid>u!ar  or  acinous  priilongHtifkn«.    Tn 
cylindrical  epithelium  is  naturally  U^s  clearly  markc<l    in    ' 
Wirlir)ut  entering  into  minute  details,  it  may  be  tuken  a,- 
that  even  the  largest  compound  ovarian  cysts  of  this  class  tiare  lljdr 
origin  in  glandular  tumor-tissue. 

Now  as   no  glandular  tissue  is  contained  in  the  mature  kcaltkj 
ovary,  the  (juestion  arises,  Whence  does  this  tissue   itself 
The  origin  clearly  must  be  from  an  early  or  embryonic   i 
the  organ.      In  the  <1('velopnient  of  the  ovary  the  <rnmfinn  .rf 

formed  by  certain  cells  arrnngcii  in  the  form  of  tubes  (Pflu-^ .  .  ...m), 
which  sink  into  the  stroma  of  the  organ,  and  there  becuuo  aepanttd 
or  cut  off,  80  as  to  form  clo.sed  follicles.  At  a  certnin  stage,  there'&fc. 
the  ovary  may  be  compared  to  a  glandular  organ  ;  and  the  coinpovti 
cystic  tumors  may  therefore  be  referred  to  as  an  abortive  or  iniperfc<l 
development  of  the  ruilimentary  follicles;  unless  there  lie,  what  is  Ii* 
likely,  a  recurrence  of  the  embryonic  formation  in  later  life.  TIkj 
illustrate,  therefore,  Cohnheim's  law  that   new-growtlis  urigtnate  ia 
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iaes  of  embryonic  or  imperfectly  developed  tissue  in  the  different 
hns. 

The   name  given   to  tliein  is  cyatonvt  glandulare  or  adeno-cygtoma 
proliferum;  multilocular  proliferous  ghinduliir  cvatic  tumor. 

Tbese  tuuioi's  tuay,  as  is  weli  kuowii,  reach  au  enormous  size, 
weigliing  fifty  to  one  hundred  pounds,  or  even  more,  and  are  often  a 
causi!  of  death.  Hut  they  are  not  malignant,  ami  have  not  produced 
secondary  growths,  except  in  one  or  two  instances,  wlien  the  sec- 
ondary tumorswere  adenomatous.  In  a  few  rare  instances*,  a  tumor  of 
this  kind  hjw  been  known  to  pass  into  carcinoma,  as  has  been  slmu-n 
to  hajjjjen  in  the  ease  of  adenotuata  derived  from  other  Lxhindalar 
organs.  It  should  be  remembered  that  there  is  also  an  ordinary  carci- 
noma of  the  ovary. 

Dermoid  Cysts. — Anotlier  clivss  of  cysts  found  in  the  ovary,  but 
also  in  other  parts  of  the  body,  is  distinguished  by  having  a  wall 
composed  of  structure  precisely  resembling  that  of  the  external  skin, 
though  they  may  have  no  direct  connection  with  it.  They  have  been 
found,  besides  the  ovary,  in  the  peritoneum  and  in  subcutaneous  cel- 
lular tissue  of  several  parts  of  the  body,  especially  in  th<'  neck,  llsirer 
situations  are  the  orbit,  the  lungs,  stomach,  te-stide,  cranium,  etc.  In 
the  more  superficial  situatioii.s  the  growth  may  easily  be  explained  by 
an  intrusion  of  a  portion  of  epidermis  at  an  early  period  of  deveUip- 
nient,  and  subsequent  separation  of  the  intruded  portion  from  the 
superficial  layer. 

This  exjdanation  will  apply  even  when  solid  tissues,  such  as  muscle 
or  bone,  lie  lietween  the  cyst  and  the  surface ;  since  tliose  tissues  are 
of  later  formation  than  epi<lermis,  and  may  therefore  have  grown  in 
the  fiosition  they  occupy,  after  the  cyst  was  formed.  This  view  is  con- 
firmed by  the  fact  that  dermoid  cysts  of  the  face  and  neck  are  ob- 
served to  occur  either  along  the  lines  corresponding  to  bnuicldal 
clefts,  or  in  the  middle  line  of  the  body— that  is,  in  those  situations 
where  the  integument  remains  longest  open,  so  that  during  the  jirocess 
of  closure  a  jtortion  of  skin  might  most  easily  be  pinched  in.  The 
explanation  of  those  more  deeply  situated  is  probably  also  that  some 
germs  of  the  epibtast  or  upper  germirnil  layer  have  been  misplaced  at  an 
early  period  of  development ;  but  the  <|uestion  is  a  eom^dex  one,  and 
can  only  be  alluded  to  here.  There  is  tio  reason  to  think  that  dermoid 
cysts  of  the  ovary  originate  in  the  (Jnuirtan  follicles. 

The  waif  of  a  dermoid  cyst  consists  of  a  complete  skin,  with  epi- 
dermis, wliich  i.s,  of  course,  placed  internally,  and  a  distinct  coriuni, 
fibrous  in  structure,  placed  externally.  Sometimes  outside  this  is 
found  adipose  tissue,  corresponding  to  the  natural  subcutaneous  tissue. 
The  skin  is  provided  with  its  usual  appendages,  hair  and  sebaceous 
glands.  Swwit-gtands  are  less  constantly  found.  The  papillae  of  the 
skin  arc  not  usually  well  developed. 

The  contents  of  the  cysts  consist  of  the  accumulated  secretions  of 
the  sebaceous  glands,  with  more  or  less  dosttuamated  epidermis,  and 
often  a  largo  number  of  hairs  which  are  pale  or  reildish  in  color. 
Teeth,  sometimes  in  very  large  number,  are  also  occasionally  found  im- 
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planted  in  the  wall,  or  free  in  the  cavity.     The  sebaceon-  - 
consists  of  fiitty  matter  in  vivrious  forms.     It  is  soinetiii.' 
the  temj>orature  of  the  F>oily,  so  as  to  be  oily  in  conaisten*.- 
Buch  8j»ei'imens  are  <iescribe(l  as  "oil-cvst.s."      In  otlier  c;i- 
jnts  are  a  fatty  emulsion  of  gruel-like  appearance,  often  ooi 
slates  of  cholcstcrin  or  fatty  crystal  (stearin  an<i  palmitin). 

Rarer  constituents  are  brain  or  nerve-tissue,  striated  rouwrJe, 
lage,  and  bone,     hi  these  cases — chiefly  ovarian  tumors — tbertii 
transition  to  the  fonii  of  tumor  next  to  be  deacriheil. 

Dermoid  cysts  are  probably  always  congenitiil,  but  go  on  incrasv 
in   sisic,   UifuaJIv    slowly,  hut  sometimes,   at    the    epoch    of  pol'Tr*' 
rapidly.     The  large-st  specimens,  even  up  to   20  pounds  in  *  . 
have  been  found  in  tJie  ovary.     Those  from  other  parts  of  \Ik  wi; 
are  usually  small,  but  Dr.  Ord  has  described  one  weighing  14  po«»ik. 
from  the  iibdouien  of  a  man. 

Teratoid  Tumors,  or  Teratomata  '— This  nanae  ia  given  to  eema 
new-growths  of  very  complex  structure,  consisting  not  of  ooewtw* 
kind.s  of  tissue  only,  like  those  wliich  have  been  already  spoken  * 
bat  conlaining  n  confused  muss  of  connective-tissue,  cjirtilnge,  Utt 
muscular  and  tiervoim  tissue,  as  well  as  epithelial  prctilncts,  t^uili  »• 
skid,  hairs,  and  ghmdiihir  tissue.  Together  with  these  is  iimi.tH..  " 
not  always,  some  embryonic  tissue  of  undeveloped  chnructer,  n-3i-!> 
bling  a  sarcoma.  The.se  tumors  have  a  great  scientific,  tbuu^li  6* 
much  jn-actical,  interest,  and  are,  a.s  compared  with  «iroplo  ininffv 
very  rare.     They  are  always  of  congenital  formation. 

8uch   tumors  may  be  broadly   dividtnl  into   two  elassr«:  (l)rJiflr 
which  are  formed  by  a  combination  of  .''tructures  4lerived  fi  • 

embryonic  layers  of  one  individual ;  {'2)  those  which  are  f<i: 
inclusion  in  a  perfect  individual  of  portions  of  an  imperfectly  tiw* 
oped  twin  embryo. 

1.  Masses  eomposeil  of  several  different  kinds  of  tissue  may  k 
produced  by  tran8|)osition,  during  embryonic  life,  of  masMS  daini 
from  different  hiyers  of  tlie  blastodenn.  We  have  seen  how  sack  ■ 
transposition  may  give  rise  to  heterologous  growths,  such  as  th»t  af 
bony  or  cartilaginous  tumors  in  the  testicle,  <»r  muscular  tumors  intk 
kiilney,  or  dermoid  cysts  in  internal  parts.  By  a  further  complicstk* 
of  the  same  process,  it  is  cosy  to  see  that  more  complex  tumor  ■  -'•' 
arise.  A  confirmation  of  this  hypothesis  is  that  these 
growths  are  most  often  found  in  those  parts  where  abnorrn.Tli 
misplacements  of  embryonic  tissue  are  especially  apt  tn 
namely,  in  the  genito-urinary  tract,  and  especially  in  the  or»ri«9, 
sometimes  also  in  the  testicle  or  in  the  peritoueum,  very  rarely  <4*" 
where.  In  the  ovary,  masses  of  mixed  structure  maj  be  cotabtwi 
with  a  dermoid  cyst,  and  such  cysts  are  strictly  to  be  rcgardrtl  • 
teratoid  tumors.  Waldeyer  has  suggested  that  such  ovarian  tiUBDO 
are  produced  by  an  aberrant  activity  of  the  reproductive  function  of 


'  The  word  toratoid  is  deriveil  from  (lie  Or««k  ripaf^m  mou«t«r,  aiaes  Ui^  i 
mAke  ftn  approach  to  monilrnua  dcvcloptnenta. 
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e  Graafian  follicles ;  being,  in  fact,  a  suit  ol"  jiartlienogencsis,  or 
asexual  genera t ion. 

"2,  In  the  set'iind  rlaf^s  of  tei'atoid  tumors  tlie  niixeJ  tissues  are 
arranged  in  the  lorm  of  iraperfd'ct  organs;  for  instance,  the  rudiments 
of  the  vertebral  column,  of  other  pstrts  of  the  skeleton,  of  intestine  or 
of  bniitj.  may  be  found,  and  the  viiriety  of  tissues  >vill  he  absolutely 
greater  tharj  in  the  first  class.  Now  it  is  clear  tfiat  sueh  a  mass 
makes  soniethini^  like  a  transition  to  an  imperfectly  formed  fretus  or 
second  individuni,  and  hence  uuiy  very  reasonably  be  reganled  as  the 
remains  of  «n  abortive  foetus,  which,  hod  it  been  somewhat  more 
developed,  would  have  been  a  so-called  "parasite,"  or  not  separated 
twin,  or  '*  monster  by  excess."  This  tlieory  is  further  conlirmed  by  a 
consideration  of  the  situation  in  wliich  tliese  tumors  are  foutid.  By 
far  the  greater  number  occur  it(  corineelion  \\itfi  the  sacrum,  where 
they  either  jirojeet  externally  or  are  iiichided  within  the  body-cavity  ; 
anil  with  regard  to  tumors  in  this  situation,  at  all  events  there  is  a 
strong  probability  in  the  theory  that  they  represent  an  abortive  para- 
aitic  twin-fietus.     Many  of  these  "■'congenital   sacral   tumors"  have 

en  observed,  and  their  structure  is,  in  most  cases,  somewhat  like 
what  has  been  described.  Other  situations  for  thei^e  tumors  are  the 
mediastiTiuni,  the  skull,  the  peritonuutn,  the  ovary,  aiul  even  the  testide. 
But  it  m  impossible  to  suy  whether,  in  all  these  cases,  the  new-growth 
is  the  product  of  the  twin-eudiryo.  However,  frotu  the  sacral  tumors 
ti-ausitional  forms  might  be  traced  to  parasitic  imperfect  fietuses,  and 
even  up  to  the  weJt-knowu  eases  of  twin  itidividuals  whose  bodies  are 
insepai-ably  attached.  But  this  comparison  would  lead  us  into  the 
subject  of  malformations  and  monsters,  which  it  has  been  decided  not 
to  include  in  the  scope  of  this  work. 


CHAPTER   XXIV. 


GRANULATION-TUMORS  OR  INFECTIVE  ORANUL«)MATA. 


Thkke  is  a  class  of  new  forinutions  which  has  been  suniHins 
rcgiirdoil  as  belonging  to  new-growths  properly  so-c^illed,  sorratiOi* 
a8  iiitlaminatory  products,  and  saiiR'tinies  as  interinediate  Utioi 
these  two  gronps.  There  can  be  little  doubt  that  they  are  most  i»«rij 
related  to  the  products  of  simple  inflammation. 

These  formations  are  distinguished  from  others,  und  agree  »iB<n| 
themselves,  in  (1)  tlieir  structure,  (2)  their  mode  of  growth  and  clun- 
eal cbaractera. 

1.  Structure. — The?e  formations  are  chiefly  made  up  of  lvnj|ihi>il 
corpuscles  or  leucocytes,  which,  taken  individually,  are  indi8tin'Tai-i»- 
able  from  the  corpuscles  of  inflamed  parts.  Besides  these,  there  vf 
larger  cells,  like  those  of  granulations,  ca!lc<l  formative  or  epithrM 
(u  nauTe  to  be  used  with  caution,  as  it  may  mislead),  and  iii  -•ist 
cayes  very  large  or  "giant  cella  " — viz.,  masses  of  protoplasm  coo- 
tiiining  several  nuclei. 

The  whole  structure  is  somewhat  like  tliat  of  granulations,  or  ii 
least  does  not  go  beyond  that  degree  of  development.  It  forms  in 
perfect  tissue  except  fibrous  sear-lissue.  There  is  in  some  caeet  » 
lymphatic  reticulum  or  stroma. 

These  formations  difl'cr  from  the  products  of  common  inflaniinatiaD 
in  tlieir  relative  ^tT/?w?a'H<?f,  which  is  intermediate  between  tLetnuwi- 
tory  nature  of  ordinary  inflammatory  jyroducuj  and  tlie  pcrsistenc*  </ 
true  new-growths.  They  are  also  notable  for  the  tendencv  to  forn 
limited  foci  or  massCvS,  in  contradistinction  to  diffuse  cliano'cs.  HotK 
the  connective-tissue  and  epitheliiil  elements  of  the  tissue  in  wliuK 
they  occur,  but  especially  the  tVirnier,  show  some  signs  of  overgrowth; 
stilt  a  great  part  of  tlie  new  formation  is  composed  of  i'vtvn\-iinii«l 
leucocytes. 

2.  Hode  of  Growth. — These  formiitions  begin  to  grow  in  iiii.*t  i.M.«r> 
at  one  part  of  the  body  :  and  for  a  longer  or  sliorter  time  remain  l<K»i, 
but  may  afterward  become  widely  distributed  antl  pa«s  into  a  i^cnenl 
disease. 

Several  of  them  are  cajiable  of  being  tran.smitted  bv  inctculatXA. 
In  most  of  them  a  parasitic  microurganisrn  bas  been  fi>und,  nhidi  V 
either  itself  the  irritant  or  produces  some  substance  which  acts  asmch. 
Each  focus  ofdisea.se  is  infective — that  is.  has  the  |)ower  of  settitii;ap 
other  like  foci  of  disease  in  its  neighborhood. 

They  have  thus  a  marked  affinity  to  the  general  infective  diseoMM. 
Some  at  least  of  them  are  already  found  to  be  the  j>roducts  or  tUe 
'*  anatomical  expression"  of  sucii  a  disease.     They  differ    from  <lw 
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Bute  specific  fevers  in  two  respect-s — (1)  in  having  ti  very  long  period 
of  evolution,  wliicli  may  be,  in  fact,  not  self-limited  at  all,  but  brou-iiht 
to  iui  end  only  Uy  the  death  of  the  individual.  The  dift'erenee  uutst 
depend  upon  a  differenee  in  the  vitality  of  the  piirasite  producing  the 
disease.  In  the  acute  infective  diseases  the  parasite  only  lives  for  a 
certain  time  whether  the  patient  dies  or  recovers,  in  these  processes 
the  parasite  is  aide  to  live  for  indefinite  periods  in  tlie  organism.  (2) 
Again  the  irritant  or  infective  agent  in  the  sjiecific  infective  diseases 
when  inoculated,  at  once  enters  the  blood;  while,  in  the  processes 
here  spoken  of,  it  is,  in  the  first  instance,  limited  to  certain  spots, 
though  it  sometimes  becomes  more  generally  distributed  afterward. 

Definition. — We  may  then  define  these  formations  as  chronic  or 
persistent  inflammations,  prodtieed  at  particular  spots  by  the  action  of 
a  continuously  acting  imtant,  and  spreailing  by  the  infection  of 
neighboring  parts  and  by  the  circulation.  The  special  peculiarities  of 
each,  as  compared  with  inflammation  and  with  eacii  other,  ilepend 
upon  differences  in  the  nature  of  the  irritant.  This  irritant  is  in  most 
cases  certainly,  in  all  probably,  a  parasitic  microiirganism,  or  some- 
thing produced  by  it. 

Objections. — A  difliculty  at  once  arises  in  tliis  view  of  the  subject, 
which  han  been  brought  before  me  by  stmlents.  Why  are  the  pheno- 
mena in  these  cases  so  different  from  the  phenomena  of  what  we  call 
common  inflammation  as  formerly  defined  7 

The  answer  to  this  is — that  in  the  latter  we  are  speaking  of  the 
aetion  of  mechanical,  physical,  or  chemical  irritants.  The  former  are 
very  large  in  proportion  to  the  cells.  Even  the  smallest  mechanical 
lesion  destroys  many  cells  or  other  elements,  the  appearances  called 
inflammation  being  produced  in  those  which  escape  destruction. 

The  micro-parasites  are  smaller  than  cells,  and  if  regarded  as 
mechanical  irritants,  may  act  on  cells  without  destroying  them.  A 
strueture  nnicii  like  a  tubercle  is  produced  by  implanting  a  very  smalt 
foreign  body,  e.  //.,  a  hair,  in  the  rald)it's  eye,  but  differs  from  true 
tubercle  in  not  having  any  power  of  infection,  so  as  to  produce  otlier 
similar  bodies.  Again  tlic  physical  and  chemical  irritants,  even  when 
applied  in  the  most  delicate  manner  possible,  act  over  areas  which  are, 
relatively  to  the  cells,  very  large.  They  cause  destruction  of  tissue- 
elements,  and,  as  in  the  case  of  mechanical  lesions,  the  eflTects  called 
inflammation  are  produced  just  outside  the  area  of  destruction.  But 
the  chemical  substances  produced  by  the  microorganisms  ai*e  present 
in  minute  ipiantit}' and  act  at  insensible  distances.  ITcnce  they  afTect 
the  tissue-elements  directly,  without  at  once  destroying  (heir  vitality. 
We  may  sum  up  these  difl'erences  by  saying  that  the  irritant  in  these 
processes  is  moh-rular,  while  in  the  grosser  forms  of  inflammation  it 
is  molar  or  massive. 

Again,  we  must  remember  that  the  irritation  is  in  these  ensos  per- 
sistent— not  like  that  of  a  wound  transitory,  of  which  the  after-effects 
only  or  cliietly  are  perceived. 

Finally,  the  irritation  is  not  purely  chemical  or  mechanical,  but 
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special  (as  is  shown  by  inoculation  of  the  specific  virus),  and  £fe> 
ences  are  seen  in  the  case  of  each  different  disease. 

Another  objection  is  that  some  of  the  elements  of  the  granoktioe- 
tumors  are  different  from  the  cells  found  in  common  inflammttios: 
viz.,  the  so-called  epithelioid  or  formative  cells,  and  the  giant  celk 

But  the  former  have  been  shown  to  be  generally  present  in  t» 
granulations  of  wounds,  while  the  latter  have  also  been  found  theie. 
as  well  as  in  other  chronic  inflammations ;  and  have  been  even  caused 
to  grow  experimentally  by  Ziegler. 

If,  instead  of  inflammation,  we  were  to  say  irritative  hyperplasn, 
the  meaning  would  be  virtually  the  same ;  the  disease  is,  at  all  eventi. 
the  result  of  some  living  persistent  virus ;  and  until  such  a  virus  ii 
demonstrated  in  each  case,  the  history  of  the  growth  is  incomplete. 

The  formations  included  in  this  class  are  tubercle,  the  prodactstf 
syphilis,  of  leprosy,  and  of  glanders,  lupus,  rhino-scleroma.  It  ii 
probable  that  this  list  will  be  enlarged. 

In  the  present  state  of  science,  it  is  a  little  difficult  to  sst  vhere 
the  infective  granulation-tumors  should  be  placed  in  a  systematic  wort 
They  may  be  treated  of  as  forms  of  inflammation,  or  as  a  sub-cltssof 
new-growths,  or,  with  reference  to  their  cause,  under  the  head  of  spe 
cific  infective  diseases.  We  have  thought  it  best  to  place  them  undir 
the  latter  he:id,  as  diseases  produced  by  specific  poisons,  and  their 
further  consideration  is  accordingly  deferred  to  tho  later  part  of  d»i* 
work. 


HAPTEK  XXV. 


QUALITATIVE  VARIATIONS  IN  THE  BLOOD. 


In  an  earlier  part  nf  the  bnok  (Chapters  II.,  111.,  arnl  IV,)  varia- 


tions in  the  tjuuntiti/  of  the  blood  and  disturhancoa  oftljc  circulation 
•were  spoken  of.  but  the  qualitative  composition  of  tht?  blooil  and  its 
vnriatiuiis  are  uIho  iiujinrtaiit  faeto»-s  \n  -^vMi-ruX  pathology.  Therefore, 
akbou<i;!i  tlie.se  chanj^es  are  ricit,  strictly  speak iiij^,  iiicliuled  aniurig  the 
{imcesse.s  of  di.>iea.se,  it  i.s  right  that  a  >Uuvi  aeciiunt  of  them  .simuld  be 
given  here.  Variations  in  tfie  auiouiii  of  water  cotitaiiied  in  the  blood 
will  be  first  considered,  then  vuriation.s  in  the  eorpuseies,  and  lastly 
alterations  in  the  other  constituents. 

Conditions  of  the  Blood  generally  called  Anaemia  or  Spaneemia. 
—  If  tiie  proportion  of  water  !)e  increiised  in  pr()|iorliou  tfi  all  other 
c<»nstitiienl8,  tlie  coiidition  is  culled  /li/ilrwutia.  If  the  seritui  of  the 
bloi»d  contain  an  ahnornuil  prupcjrtittn  of  water,  that  is,  be  of  low 
specific  gravity,  it  shows  a  deficieucy  of  serum-albumen  ;  this  condition 
has  been  called  hifpaJbutiniuiidH.  If  the  proportion  of  colored  citrpiis- 
cles  be  diminisheiL  the  condition  is  called  oii(fo<-)/t/iti'niitt  or  it//lohnlii<t7n. 
A  similar  diminution  in  the  leucocytes  nii^ht,  if  it  required  a  disitinct 
nnme,  be  allied  oiiijoU'wncytimiii.  It  is  possible  that,  whether  the 
number  of  blood-disks  are  itiuiinished  or  not.  the  prujiortion  uf  liienio- 
globin  in  the  blood  may  be  reduced.  This  condition  is  one  of  great 
importance,  and  has  no  convenient  name,  but  might  be  called  achro- 
matocifthwrniii,  or  more  shortly  aclirimHito»i». 

These  several  conditions,  which  are  included  under  the  wide  and 
lax  term  fitiiemiu,  or  spaiueniia,  must  be  cnrisidered  separately. 

Hydrsemia. — An  exceasive  projKirtion  of  water  in  the  bhi^od  may 
arise  (1)  from  an  increase  in  the  total  timount  of  water  present  in  the 
circulatory  system,  the  other  con.stituents  of  the  blood  reiuuining  un- 
alteied,  which,  of  course,  involves  an  increase  in  the  whole  mass  of 
bloo<l  ;  or  ('2)  from  an  increase  in  the  ])ro[>ortion  of  writer,  the  mas,s  of 
blood  ivmaining  the  same.  Iti  thi.s  case  the  other  blood-constituents 
(albumen,  corpuscles,  etc.)  must  of  course  be  diminished.  In  both 
cases  the  density  of  tlie  blood  is  lowered 

1.  Tlie  former  condition  may  be  called  hydra^mic  plethora.  It  is 
evident  that,  as  a  transitory  condition,  it  must  often  occur;  since  the 
amount  of  water  in  the  blood  depends  upon  the  balance  between  the 
water  supplied,  viz.,  in  food  and  drink,  and  that  excreted,  vix.,  by  the 
kidneys,  lungs,  bowels,  an<l  skin.  If  it  be  supplied  more  rapidly  tlian 
it  is  excreted,  it  must  accumulate  in  the  blood.  But  both  practical 
experience  and  experiment  show  that  if  the   excreting   organs  be 
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healthy,  the  balance  is  rjuickly  lighted.  Water,  when  iDgestelMSt 
as  a  sudorific  nnd  a  diuretic,  iviid  stitnuliitt-s  tlie  activity  of  all  txar- 
tory  organs.  IF  the  kidneys  cxo'cte  nn  insufficient  quantity  of  «jib 
(as  is  tlu'  ciiso  in  sohil-.  but  not  all,  kidney  diseases)  iljere  mttttbftt 
accumulation  in  the  blood.  TIilto  is  no  evidence  that  this  i*  the  <a* 
when  the  excretion  from  lungs  or  skin  is  hindered. 

In  experiments  on  dogs  faniraal.s  which  sweat  very  littlff\  \itgt 
quantities  of  saline  fii>lution  have  been  injected  into  the  vessels,  ioi 
even  as  much  as  three  times  the  normal  volume  of  blood  may  hr  adiW 
without  permanent  results.  Excretion  rapidly  takes  place  bv  ilur 
kiilney.s,  bowels,  salivary  ghimls,  etc.,  and  the  How  of  lymph  in  u* 
lynipbatic  system  is  greatly  increased.  Tlie  actual  density  <"»f  ll>f 
blond  is  also  found  not  to  diminish  at  all  in  proportion  to  the  amonitf 
of  fluid  added.  The  rupidity  of  the  circulation  is  much  incrak^L 
but  the  nrterial  pressure  shows  only  a  transitory  rise. 

When  much  larger  quantities  are  injected  (uaiountin|;  to  tJO  or  '♦ 
per  cent,  of  the  body-weight),  death  results;  and  after  death  exten- 
sive tedema  of  ihe  abdominal  organs  is  found,  and  of  secteUirv 
glands,  but  not  of  other  parts. 

Hydncmic  plethora  probably  exists  in  the  human  subject  in  oat* 
of  kidaey-disease  where  the  amount  of  urine  is  diminished:  but  cii>- 
not,  in  practice,  be  distinguished  from  the  form  of  hvdrremia  now  '« 
be  spoken  of. 

2.  The  other  form  of  hydncinia,  in  which  the  solid  consiitnenCF  «f 
the  blood  are  dimiiiislied,  may  he  called  pure  ur  atrophic  hydrapmia. 
It  is  (n-oduced  when  the  albumen  and  corpuscles  of  the  blood  trtW 
ra|)idly  removed  or  inadequately  renewed;  it  is  therefore  the  rotidi- 
tion  coramoidy  met  with  in  several  forms  of  amemia.  Serum-albumea 
is   the   most   important  constituent  wanting.      It  is   somr-  i-i 

ht/palfiuniinosix.     This  of  itself  docs  not  cause  any  incre;i  tr 

of  the  excretory  organs.  This  condition  may  be  imitated  cxpenineDt- 
ally  by  substituting  suit-solution,  injected  into  the  vessels,  for  a  cor 
responding  (piantity  of  blood  which  is  withdrawn,  so  as  to  leare  ikt 
whole  volume  of  Itlood  unaltered.  In  this  case  there  is  no  incre«M«i 
secretion  or  transudation  of  water  observed.  The  arterial  prwwiw 
falls,  and  tliere  is  no  acceleration  of  the  blood-current.  This  condition 
may  be  produced  by  anything  which  causes  a  loss  of  a]butot*n,  «» 
hemorrhage,  albuminuria,  excessive  lactation,  etc.  It  is  aI.<?o  said  thai 
diet  deficient  in  albumen  proiluces  tliis,  while  inadequate  general 
nmtrition  produces  simply  atrophy. 

These  two  forms  of  hydnemia  have  therefore  very  different  Ciinw- 
qtiences,  thougii  it  is  not  geliefally  possilde  to  distinguish  them  dunutr 
life,  since  wt-  have  no  nn-ans  of  measuring  the  quantity  of  blood  in 
the  body ;  ami  all  we  can  meaaui'e  is  the  density,  which  indicates  d"* 
proportion  of  water. 

Hydrsemia. — The  proportion  of  water  in  healthy  blood  mav  It 
estimated  at  TKO-S(»0  parts  per  1<H>0. 

A  slight  increase  of  this  proportion,  viz.,  to  800—^20  parts  ftf 
lOOU,  occurs  afler  temporary  abstinence  from  food,  in  the  early  sla^ 


QUALITATIVE    VARIATIONS    IN    THE    BLOOJJ. 


209 


of  acuti'  (liseasL's,  and  in  most  chronic  iliseiLst's.     An  increase  up  to 
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irs  in  stiirvuUun,  aiul  in  most  wasting  uiseiises, 
anti  in  most  of  the  states  elmically  recognized  as  auijeinia.  Thus  in 
chlorosis  a  proportion  as  high  as  HtiS.T  has  been  observed,  and  an 
average  of  8.53.-  (Andral  and  (iavarret).  In  another  scries  of  cases 
of  chlorosis,  an  average  jiroportion  of  82H.1  per  1000  was  found 
(Becijuerel  and  Kodier).  In  cases  itf  advanced  heart-disease  the 
projKtrtioii  though  raised,  Was  not  so  high,  viz.,  815.8.  In  leukiemia 
it  varies  from  H'li)  to  881. 

The  same  relations  have  been  exhibited  in  a  ililfercnt  way  by  deter- 
mining the  specific  gnivity  of  the  serum  af  the  blood.  This  varies 
normaltv  from  1027  to  1032,  the  average  being  102H  (Ganigee).  In 
chh>rosis  the  mean  has  been  found  to  be  substantially  the  same  as 
this,  btit  in  heart-diseiu^e  it  has  been  found  as  low  as  1025,  and  in 
leukaemia  lO-^l.  But  the  most  marked  changes  have  been  found  in 
Bright's  disesise  of  the  kidneys,  where  ii  density  of  Vil-i  in  the  serum 
was  found;  the  researches  of  Christison  gave  numbers  from  1<H!;J  to 
102(1,  and  Bartels  gives  kOJH  to  lOlo. 

Tlie  resuhisjust  given  rather  indicate  that  form  of  hydrtemia  which 
•we  liiive  calied  hypalbuminosis.  The  facts  are  also  given  by  stating 
the  amount  of  solid  residue  left  by  evaporation  of  serum.  Normal 
serum  contains  nin^  or  ten  per  cent,  of  solid  matters,  of  which  about 
eight  per  cent,  is  serum-albtiraen.  These  solids  are  generally  dimin- 
ished in  Bright's  disease  and  most  WM>ting  diseases,  as  well  as  in 
an;t'miii,  and  in  chlorosis  have  been  found  as  low  as  7.5  per  cent,  and 
in  a  ease  of  leukiumiu  <!.7  per  cent.;  in  advimeed  heart-disease  a 
mean  of  7.H.i  has  been  found,  and  in  one  case  the  soli<ls  even  sunk  to 
5.24.  The  discrepancies  between  the  result.s  of  this  method  and 
those  showing  the  amount  of  water  in  the  bkuxl,  of  course  depend 
upon  diflerences  in  the  other  constituents  ol'  the  blood,  viz.,  fibrin  and 
corpuseh'S. 

The  flensity  of  the  blood  as  a  whole  will,  of  coui-se,  also  vary.  That 
of  deObrinated  blood  varies  in  health  from  1U45  to  10(i2,  but  a  spe- 
cific gravity  of  1075  would  not  be  necessarily  inconsistent  with  health 
(Ganigee). 

It  has  been  found  as  low  as  1085  in  chlorosis,  and  1041  in  Bright's 
disease.  But  in  other  cases  of  chlorosis  there  was  ti  mean  of  1045.8. 
In  one  case  of  leucoeythfemiu.  it  was  a*  low  as  BKUI,  but  itj  others 
hanlly  diminished ;  an«l  in  henrt-disease  the  miiiiuium  observed  was 
1041,  the  average  being  1050  or  1052.  It  thus  appears  that  the 
density  of  <lefibrinated  blood  as  n  whole  is  a  less  satisfactory  indica- 
tion of  its  composition  than  the  oilier  methods  given. 


CHAPTER  XXVI. 

VARIATIONS  AND  MORBID  CONIHTONS  OP  THE  COLOBEU 
CORPUSCLES  OF  THE  BLOOD. 

Oligocythaemia. — The  condition  in  whicb  the  colored  corpowlii*  <^ 

the  bliioil  are  dimiiiislifij  is  that  which  is  most  general! v  under-" 
by  lUKt^miii.  This  deficiency  tn:iy  he  produced  (a)  temporarily  hv  uj 
con.sidenihle  loss  of  blood,  or  (h)  permanently  by  anv  cause  wbck 
interferes  with  the  formation  of  colored  corpuscles  in  the  bod  v.  TV 
way  in  which  the  first  cause  acts  ha?  already  been  expljiinoil  (seep. 
26).  With  rejjard  to  the  second  cause,  it  is  nt  present  hardly  knnim 
except  by  its  effects,  since  physiology  has  not  yet  explained  to  o» 
how  the  bIood-disk8  are  formetl,  or  how  their  inevitable  waste  is  ap- 
plied. 

A  diminution  in  the  colored  corpuscles  is  noted  in  most  of  the  cw- 
ditions  clinically  recognized  ns  anannia,  especially  in  gmv©  idiopatbif 
nnietnt*  ami  less  citnstnntly  in  chlorosis,  in  starvation,  in  BnglilV 
disease,  and  advanced  heart-disease,  after  prolon;icd  diarrhopn  ad 
dysentery  '.  in  malarial  cachexia,  in  scurvy,  in  leukiemia.  in  clir  'ni' 
metallic  poisoning,  and  in  most  chronic  diseases. 

The  most  cons[)icuous  symptom  of  this  condition  i.-  p;ii<iM^ 
especially  of  the  mucous  surfaces,  f.,7..  the  conjunctiva,  but  this  dotf 
not  of  itself  necessarily  slioiv  that  the  nnmher  of  corpuscles  is  defi- 
cient. It  shows  ji  deficiency  of  coloring  matter — hjenioglobin ;  iu)d 
tliis  may  be  due  to  a  ileficieiicy  of  corpuscles.  Nevertheless?,  the  pn>- 
portion  of  htemoglohin  and  that  of  corpuscles  do  not  always  corrc«potMi. 
since  the  auioTHit  of  that  substance  in  each  corpuscle  raay,  in  discaned 
conditions,  vary  very  much,  though  it  is  nearly  constant  in  hetltk 
The  size  and  shape  of  the  colored  corpuscles  are  also  fr»und  fo  bt 
altered  in  cases  of  anaemia.  These  relations  were  studied  tnnnv  vrtin 
ago,  when  bleeding  was  in  fashion,  on  hirge  quantities  of  bl<io<i.  br 
direct  weighing  and  measuring;  an<i  important  results  were  obtaioiil 
especially  by  French  investigators,  Andral,  Gavarret,  Bec<{Ui>rci, 
Rodier,  and  others.  More  recentiy  the  nietho«l  of  numeration  ln» 
been  used  with  instruments,  devised  at  first  by  Vierordt  and  raodifif'l 
by  Malasscz.  Ilayem.  and  others.' 

Variations   in  Number  of  Blood-corpuscles, — The   proport 

colored  cnriiliscb-s  iu  tlir  bltiod   is  r\])l('s.sfil   bv  rrft-rtMirr  to  .•»  st 


•  The   inritniiiieiit  genornllv   used  in  tliii)  otniulrv   is  itim  i-jilio'l   iiy    i' 
hKvaiwyU'Wtfter.     Si'i.<,  for  1%  descriptitm  of  llies*  in^trunK'nU,  Onm^c"* 
rhvsinlokiioKl  Clictnijilry,  London,  ISSfl,  p  74.     Oornil  and  Ranviftr'*  P«»lii.'Ii>j;;.^  0I*?1 
tology,  transUted  b/  E.  llnrt,  vol.  i.  p.  4m,  JHS2. 
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mine  oi  hiooii — viz.  one  cunjc  niillimetre.  ihe  average  numt 
normally  coritaiued  in  this  standard  volume  is,  in  robust  men,  for 
blood  taken  from  the  finger  about  five  to  six  millions;  but  inav,  in 
persons  lees  robust,  be  as  low  as  four  and  n  half,  or  even  less,  without 
Wing  absolutely  abnormal.  In  disease  this  nunjher  is  often  ^really 
dimtni»lied.  In  extreme  cases  of  fatal  idiopathic  anivrnia  a  nwmbcr 
as  fimall  as  414,062,  or  less  than  oiic-tcnth  of  the  normal,  has  been 
observed ;  in  another,  820,400  ;  in  a  case  of  purpura  hiemorrhagica, 
l.()0(),(KM>;  in  malarial  amemta.  1»1H2,750;  in  extreme  cases  of 
chlorotic  ana'mia,  2,r>(KI,000  or  2,2;'>I>,<MJ0  ;  but  in  moderate  cases  of 
chlorosis  the  number  may  be  only  a  little  below  the  normal  average, 
or  even  normal,  notwithstanding  the  sytnptouis  of  amemia  are  strongly 
marked,  as  will  i>e  explained  bflow. 

Variations  in  Size  and  Form  of  Blood-corpuBcles. — In  ail  aniemie 
conditions  the  size,  and  to  some  extent  the  form,  of  the  blood-disks, 
are  found  to  he  altered.  The  normal  average  diameter  of  a  human 
blood  corpuscle  may  be  taken  as  about  -^-^^  of  an  inch,  or  7.5  /' 
{f  =  Tc'ffc  *^f  ^  millimetre),  hut  there  are  always  found  some  having 
an  average  diameter  of  H.;')  ;/,  and  some  smaller,  averaging  (j.r> ,«,  In 
healthy  blood  there  are  about  75  per  cent,  normal,  12  per  cent,  larger, 
and  12  per  cent,  smaller.  In  ansemia  resulting  frnm  a  sudden  loss  of 
blood,  these  proportio*  s  are  unchanged  ;  but  in  all  chronic  anremias 
the  average  size  is  diminished,  and  may  be  :is  little  as  7  /'  or  <j  /'.  This 
diminution  is  owing  to  the  presence  of 
a  larger  number  of  the  ordinary  sm.'dl 
disks  and  of  some  which  are  very  much 
smaller.  These  very  small  disks  or 
inin'oci/tes,  may  have  a  diameter  of  B 
to  li  f,  or  iti  rare  ciisea  as  little  as  2.2  //. 
They  have  a  reiiiarkalily  deep  color. 

There  are  in  ani«mia  nearly  always 
found  some  larger  than  normal,  having 
a  diameter  averaging  10  ,«  to  12  f ,  some- 
times even  larger.  The  number  of 
these  f/itntt-diskx  or  marrnriftes  is.  how- 
ever, relatively  so  small  that  they  do  not 
mise  the  average  diameter  of  the  disks. 
It  folI<iws  from  the  ordinary  laws  of 
soli<l  geometry  that  the  cubical  contents 
or  mass  of  each  corpuscle  is  diminished 
in  a  still  greater  ratio  than  its  diameter; 
and  by  a  rough  calculation  1<KI  cor- 
pu.sctes  of  7  /'  in  diameter  will  have  a 
volmne  equal  to  80  normal  corpu.scles  only,  and  100  of  6.5  t*  in 
diameter  are  equivalent  to  75  normal  corpuscles  in  volume. 

The  shape  of  the  small  corpuscles,  and  sometimes  of  those  of  normal 
diameter,  is  often,  in  aiueniia.  somewhat  oval  insteaii  of  being  circular, 
and  many  irregular  forms  are  sometimes  met  with.  This  condition 
has  been  called  Poikilocytosis  (see  Fig.  G7) 
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Microcytes  (Vjixi.air  and  Masidb. 

M>rror)/Hifmie,  tS71). 

The  small  nuifiil  Urillinnl  spheres 
art  mi<-rocytc'«.  Xorimil  tilrjod-ilisks 
nud  one  leucocyte  introdiicoii  for 
roiiipari!<<>i). 
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Microcytes  are  more  abundant  in  blood  which  has  been  taken  oa 
of  the  body  for  some  time,  or  after  death.  Hence,  they  have  beci 
regarded  as  post-mortem  productions,  which  is  probably  in  part,  bti 
not  wholly,  true.  I  have  certainly  seen  them  in  fresh  blood.  Et« 
after  death  an  abundance  of  them  characterizes  ansemic  blood. 

Fio.  67. 


f  ^  ° 


a, 

Vurious  forniit  nf  blood-corpuxcles  in  anaemia  (Schsi'bk) 

»,  iiiirinal;    b,  macnwytes;    c,  small  disks;   d,  irregular  forms:  e,  verv  giiiall 

disks  or  niicro<ryt*8 ;  /,  irregular  nucleated  eorpuscles. 

Variations  in  Coloring  Power  of  CorpnscleB. — The  number  of  cor- 
puscles alone  is  not  a  correct  index  of  the  degree  or  intensitv  of 
anaemia,  clinically  speaking.  This  arises  from  the  fact  that  the  amonnt 
of  coloring  matter  (haemoglobin)  contained  in  each  globule  is  »1«), 
generally  speaking,  diminished.  This  important  fact  is  ascertained  in 
the  following  manner : 

The  number  of  corpuscles  in  the  standard  unit  of  blood  is  ascer- 
tained, in  the  manner  indicated  above,  by  the  h asm acy  torn eter.  Next 
the  amount  of  luBmoglobin  in  the  same  jinit  is  determined  by  a  method 
of  comparative  color-<letermination,  which  cannot  be  described  here.' 
This  amount  was  found  by  Malassez  to  be  from  0,1 25  to  0,134  of  » 
milligrannne  in  normal  blood.  In  healthy  blood  the  amount  of  hsemo- 
globin  is,  broadly  speaking,  in  proportion  to  the  number  of  corpuscles— 
that  is  to  say,  each  corpuscle  possesses  the  normal,  or  nearly  th« 
normal,  coloring  power,  liut  in  an;emic  blood  this  proportion  i* 
altered — that  is  to  say,  each  corpuscle  may  possess  much  less  than  it* 
normal  amount  of  haemoglobin,  and  will  appear  under  the  microscope 
even  visibly  paler  than  natural. 

If  the  maximum  proportion  of  haemoglobin  in  a  healthy  corpusde 
be  represented  by  unity,  it  is  found  that  this  proportion  maybe  as  low 
as  0,80  without  any  sensible  departure  from  health.  But  *in  anxmic 
blood  this  may  sink  to  proportions  varying  from  -J  to  |  of  the 
maximum. 

'  See  Gamgee's  Physiological  Cheniistry,  pp.  182—186. 
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tases  of  motleratc  .arnrniia  the  pruportuin  is  usually  from  I  to  ^ 
of  the  inaxiimmi.  'riiis  uill  fvifk-iitly  be  pmtly  due  to  tlie  diininislied 
size  of  the  corpuscles,  but  this  is  not  enough  to  explain  the  iiltere<l 
proportion. 

The  jirriportion  of  tiojmojjlohin  may  be  conveniently  expressed  in 
teruiB  of  the  number  of  healthy  corpuscles  which  wouhl  be  reijuired 
to  produce  the  same  cohirifie  effect.  For  instJince,  if  the  prtipurlioii 
of  biemot^lohin,  or  the  colnritic  intensity,  be  fbuml  tu  be  i  of  the 
normul,  this  will  correspond  to  two  millions  of  healthy  corpuscles.  If 
the  number  of  corpuscles  shouhl  be  normal,  each  corpuscle  must  have 
only  ^  of  its  norinnl  proportion  of  ba?nioglobin  or  colorific  power.  l!ut 
if  the  number  of  corpusscles  should  he  iViutid  to  be  Mnly  four  millions 
(say),  then  the  colorific  power,  or  proportion  of  hfemoglobin  in  each, 
wituld  be  one-half  of  tlie  normal.  Another  way  of  stating  the  rule 
is  as  follows.  The  ratio  of  the  {>ercent«ge  of  hiemoglohin  to  the  per- 
centage of  corpuscles  gives  the  average  value  in  luemoglobin,  or  color- 
ing power  of  each  corpuscle.  Thus,  if  the  proportion  of  ha^iiofilohin 
be  40  per  cent,  of  the  normal,  and  the  number  of  corpuscle.**  in  the 
standard  volume  four  millions,  that  is  HO  per  cent,  of  the  normal,  then 
the  fraction  ^J}  --  I  represents  the  average  coloring  power  or  value  of 
each  corpuscle. 

The  result^  obtained  by  these  methods  are  very  important.  It  is 
found  tbut  the  number  of  corpuscles  may  be  nearly  or  tpiite  normal, 
even  when  the  pidlor  and  ottier  symptoms  of  anjemia  reach  a  hiirh 
decree  ;  but  tiie  colorific  power  of  the  corpuscles  i.<  mucli  diminislied. 
Tliis  is  especially  seen  in  some,  but  not  all,  cases  of  chluro.sis.  On 
the  other  hand,  in  some  cases  of  e.xtrenie  anfemia,  when  tlie  number 
of  corpuscles  is  e.xceediugly  small,  the  colorific  power  of  each  corpuscle 
may  be  normal,  or  even  greater  than  normal.  Between  these  extremes 
various  degrees  of  anivmia  may  occur,  characterized  by  variations  in 
tliG  number,  coloring  power,  and  also  in  the  size  of  the  corpuscles. 
On  tbi.><  basi,"*,  IJayem  has  given  e.\amples  of  the  degrees  of  anaemia 
in  the  follow  ins:  table: 


DeGHEES  of  A.\'.£MIA.^ 


Degrwf  of  ■ctiibnllioi. 

Number  orKlobnkii  tn 
rniii<  mnt. 

C  iloriDK  fuiwer 
of  Mcli  i:l«liiil«. 

SlieorclobulM 

0 

1 
> 
s 

4 

Standard 
SUght     . 
Moderate 
Severe    . 
Extreme 

5  lo  fl  million*. 
:!  1"  4  rninioiis. 
2  lo  .t  ininiiilis. 

.>)iHi.(iO0  t..  «  millic.n. 

-l.Hl.dlH)  to  .SIMI.OOtl 

I 
1 

i 
1 

1 

Xonnal. 
Xonnul. 
MitDT  §mali. 
Many  »iuall. 
Varioua. 

1  In  llkig  table  it  will  be  observed  tlmt  uglnbullnin  (or  aglobulial  is  usett  fur  simple 
deficiency  in  the  number  of  globules,  inilt>|«n<:lent  of  their  quuliiy.     It  «h(iul>i  be  noleil 
that  the  r^^ltttiona   here  expre-^ed  between  the  decree  of  a^lobuliani  and  ftthev  resnUs, 
such  aa  coluring  power  nud  size  of  globules,  iirf  not  general  laws,  but  only  the  propi^' 
troQ  found  in  particular  cases. 

18 


274 


THE    PROCESSKS    OF    DISEASE. 


Causes  of  Aneemia. — The  several  conditions  above  tlescribed  i 
be  produced  Ity  loss  of  blood,  especially  by  repeated  small  \aam». 

( Hliur  ciiuses  are  such  us  lend  to  wasting  of  the  corpus'" 
albuminous   eoiistilut'iiis  of    the  plasiiia,   and    such    ns     i- 
proper  fonnation  of  new  corpuscJes  or  tlie  renewal   of  the  «oli<i  c* 
stituents. 

Thus  want  of  food  and  all  wasting  diseases  tend  to  prodacc  'tt.  » 
also  special  agents,  such  as  mercurjt  phosphorus,  and  other  minml 
poisons,  and  the  poison  of  malaria.  Privation  of  light  has  a  nisri>l 
influence  in  checking;  the  formation  of  the  colored  corpuscles. 

t'ertain  forms  of  anjuuiia  depend  on  special,  though  uukiurn 
causes. 

Chlorosis  is  a  special  form,  mostly  found  in  younp  personal,  uti 
almost  exclusively  in  the  female  sex,  and  often  connected  with  ']^ 
fet'tive  evoliitiou  or  deranirements  of  the  sexual  system.  It  is,  le»- 
ever,  separated  by  no  clear  line  from  ordinary  antetnia.  Its  mm 
marked  feature  is  achriimatosis,  with  variable  degrees  of  oglobulisit. 
and  the  nutriti(m  of  the  bodv  is  often  wod. 

Idiopathic  (or  pernicious)  anwmia  clearly  involves  defective  pi*- 
duction  of  corpuscles,  but  the  ori<rinal  cause  of  this  fault  is  still  t» 
seek . 

Malarial  uuiemin,  though  rarely  seen  in  this  country,  often  aiiunt* 
the  most  extreme  form. 

The  auiemia  of  kidney-disease  is  especially  retnavkuhle  for  sbrtvujj 
hydriemia  combined  with  hypulbuminosis,  though  the  corpuscle»  tin* 
suffer. 

Consequences  and  Symptoms  of  Ansemia. — Pui-e  anicinia  pntdorv 
fjreat  mtiscuhir  weakness  and  failure  of  the  heart,  leadiuLr  to  sjorow 
The  nervous  system  is  often  over-excited,  producing  convulsions  uJ 
delirium. 

Hydnomia,  especially  when  accompanied  by  hypalbumin^ 
lowers  the  nutrition  of  the  body  generally,  and  has  'an  uodoubiW 
tendency  to  favor  effusion  of  serum  in  the  tissues,  or  dropsv,  as  »»• 
explained  above  (p.  47). 

When  the  colored  corpuscles,  or  hipmoglobin,  is  deficient  tbeTrUs 
marked  interference  with  the  function  of  respiration,  evidently  fnio 
oxycen-5»tarvaiiou. 

The  production  or  deposition  of  fat  in  the  tissues  seems  to  \» 
favored  by  anwmia,  especially  liy  achromatosis,  prohablv  hecau^  tbf 
deficiency  of  oxygen  in  the  blood  leads  to  imperfect  oxidation  in  tbf 
tissues.  Hence  chlomtic  girls  are  often  fat.  It  is  said,  kx).  that 
breeders  of  fat  cattle  are,  or  used  to  be.  in  the  habit  of  hh-nlin/  ''■• 
cattle  before  beginning  the  fattening  pmcess. 

The  effects  produced  by  anfemia  on  the  circulation  are  ui" 
plicated.     The  heart  is    weak  and    usually  rapid,  its     action 
violent.      Certain  pceuliar  "  umrmurs  "  are  produced   in  the  hca:L 
or  arteries,  or  veins,  the  cause  of  which  is  still  obscure. 

Such  a  murmur  is*  most  constantly  heanl  in  the  jugular   voiii 
the  clavicle,  especially  on  the  right  side.     There  is  a  vibration 
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may  bo,  whon  well  iimrkcd,  felt  by  the  finger,  as  well  as  heard  witli 
tlie  sttHhoscope.  The  vilratioii  of  the  venous  wall  is  even,  in  ex- 
treme cases,  visible.  The  sound  has  a  peculiar  whizzing,  sometimes 
musical,  character,  and  is  continuous,  not  pulsatine.  The  explanation 
of  the  so»md  is  that  an  eddy  is  formed  in  the  blood — the.so-called  rt'Hrt 
contractu — as  the  blood  passes  from  the  conipanvtively  narrow  jugular 
vein  into  a  more  dilated  channel  belnw  the  clavicle,  and  that  the 
nnatoniical  arnmgements  of  the  jiart  prevent  the  vein  from  collaps- 
ing. It  is  sometimies  heard  in  perfectly  healthy  persons,  but  is  more 
frerjuent  and  louder  in  anaemia.  The  cause  of  its  predominance  in 
anffiuiic  conditions  is  variously  explained,  but  can  defiend  upon  only 
one  of  two  causes — either  the  diminished  volume  of  the  blood,  or  its 
lowered  density.  The  former  is  the  more  probable  explanation.  The 
curious  name  given  to  thi.si  .sound,  "bruit  de  diable, "  refers  to  nothing 
more  fomiidjiblc  than  a  certain  toy. 

Aiiother  aoiismic  murmur  is  a  systolic  one,  heard  in  the  second  or 
third  intercostal  space,  just  to  the  left  of  the  sternum.  This  is  often, 
if  not,  constantly,  associattH]  with  the  dihitation  of  the  left  auricle. 
It  has  been  genendly  referred  to  the  pulmonary  artery,  but  its  real 
origin  is  still  a  subject  of  controver.-*y. 

Besides  these,  which  are  the  most  frequent,  a  systolic  apical  mur- 
mur is  sometimes  heard  in  anjemic  persons,  and  sometimes  sys- 
tolic murmurs  over  the  arota  and  the  larger  arteries.  The  expla- 
nation of  these  is  still  somewhat  obscure,  and  would  lead  us  too 
far  into  canliac  pathology. 

In  auiemia  of  young  jyersons,  es[>ecially  in  chlorosis,  dilatation  of 
the  heart  is  very  frequently  observed. 

Amcttjic  murmurs  have  been  heurd  over  the  hearts  of  animals 
experimentally  bled  to  death. 


CHAPTER   XXVII. 

VARIATIONS  IN  THE  WHITE  CORPUSCLES    AND  OTHER 

ELEMENTS. 

The  number  of  leucocytes  in  the  blood  is  diminished  in  m«t 
aneemic  conditions,  concurrently  with  the  diminution  in  the  colored 
corpuscles.  There  is  no  recognizable  condition  in  which  the  colorle* 
corpuscles  alone  are  diminished  in  number. 

An  increase  of  these  corpuscles  is  met  with  in  several  differait 
conditions.  There  is  a  physiological  increase  observed  after  food  L* 
taken,  which  evidently  depends  upon  an  increased  supply  of  Ip- 
phatic  corpuscles,  and  is  transitory.  An  increase  is  also  found  m 
pregnancy,  in  the  earlier  stages  of  inflammation,  and  in  some  dis- 
tinct diseases,  as  pyasmia,  tuberculosis,  and,  it  is  said,  in  intennit- 
tent  fevers.  In  most  of  these  conditions  there  is  enlargemrat  i>f 
the  spleen,  but,  on  the  other  hand,  swelling  of  the  spleen  maj 
occur  without  any  increase  of  leucocytes  in  the  blood. 

An  increase  of  leucocytes,  in  proportion  to  the  colored  cor- 
puscles, is  also  observed  after  copious  hemorrhages,  apparently  be- 
cause the  leucocytes,  from  their  small  density  and  adhesive  proper- 
ties, do  not  leave  the  vessels  so  rapidly,  even  in  proportion  to  their 
number,  as  the  other  corpuscles,  and  because  hemorrhage  is  fol- 
lowed by  a  very  copious  supply  of  lymph  to  the  blood  by  the  ductu< 
thoracicus.  In  cholera,  when  the  fluid  part  of  the  blood  is  rapidly 
diminished,  there  is,  in  consequence,  a  relative  increase  of  lem-o- 
cytes. 

The  above  conditions  are  essentially  transitory,  and  mav  be  con- 
veniently called  by  the  general  name  of  leueocytosts,  implying  i 
slight  increase  only  in  the  number  of  leucocytes. 

In  striking  contrast  to  the  alteration  just  mentioned  is  that  in 
which  the  number  of  leucocytes  is  enormously  and  j>ernianentlT  in- 
creased, which  constitutes,  in  fact,  a  distinct  disease,  known  «s 
leuktvmia  or  leucocythoEmia.  In  this  condition  the  proportion  d 
leucocytes  to  colored  corpuscles,  which  is  normally  about  1  in  6*W 
or  1200,  is  increase<l  to  1  in  20  or  30,  or  even,  in  extreme  cases 
to  1  in  3,  or  even,  it  is  said,  more  than  colored.  This  remarkabk 
abundance  of  leucocytes  alters  the  appearance  of  the  blood,  which,  in 
slight  cases,  is  of  a  pinkish  cream  color,  but  may  almost  resemble  pus 
Avhen  the  change  is  still  more  pronounced ;  so  that  the  condition  was 
once  spoken  of  as  "suppuration  of  the  blood."  The  leucocytes  are 
at  the  same  time  somewhat  altered  in  their  properties.  I'hev  do 
not  exhibit  any  amoeboid  movements,  as  was  observed  by  Dr.  Civtfr 
and  Dr.  Bastian  some  yeare  ago.     They  would  also  appear  to  hare 
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lost  the  faculty  of  organization.  A  case  observed  by  the  author 
some  years  ago  illustrates  the  latter  peculiarity.  An  elderly  iiuin 
was  admitted  into  hosf>ital  with  a  simple  transverse  fracture  of  the 
femur.  There  was  much  swelling,  but  no  evidence  of  repair,  and  in 
the  end  the  patient  died  of  exhaustion.  At  the  post-mortem  examin- 
ation the  broken  ends  of  bone  were  found  not  united,  and  surrounded 
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Dlotxl  in  leliku'tnia  (Sghkcbk). 


by  a  large  i|uantity  of  bKiod  with  all  the  c4mmcters  of  leukieraia,  'in 
which  there  was  no  organization  and  no  attempt  at  repair,  with 
scarcely  any  sign  even  of  inflammation  in  the  ordinaiy  sense  of  the 
word.  The  e.xaminatiou  of  the  rest  of  the  body  showed  that  it  was  a 
caye  of  a<lvaneed  Icuktemfa, 

The  colored  corjiaseles  in  leuksemic  b1oo<l  are  always  much  diinin- 
i)«hed  absolutely,  not  merely  in  proportion  to  the  leucocytes*];  and, 
further,  there  is  found  to  be  ;»  marked  reduction  in  the  amount  of 
htemoglobin,  even  in  one  case  to  one-third  of  the  nonnal,  so  that  there 
is  virtually  a  condition  of  anncmia  also  present. 

In  certain  cases  the  blood  is  f<Hind  to  contain  colored  nucleated 'cor- 
puscle*, like  thojie  which  are  found  in  embryonic  blood  and  ulso  in 
certain  conditions  of  the  metlulhi  of  bones — a  fuet  which,  as  shown  by 
Neunujnn.  has  an  important  hearing  on  the  pathology  of  tlu-  disease. 

Besides  these  changes  in  the  elements  of  the  blood,  important  alter- 
ations arc  found  in  the  plasma.  Tlie  proportion  of  water  is  in  mo^t 
ca.se.H  inercaned,  even  to  Ho4  and  HHl  parts  ]>er  thousand,  the  density 
of  the  detibrinated  blood  sinking  to  1(141  or  UKJO. 

tVrtain  peculiar  substances  have  also  been  found  in  iLukivmic 
blood — viz.,  hypoxanthiue,  lactic  acid,  and  an  albuminoid  substance 
much  reseuililing,  though  appiireutly  not  identical  with,  gelatine. 
The  rwo  former  substances  are  not  unknown  in  other  disesises,  and  pos- 
sibly occur  in  healthy  blood,  though  not  in  the  same  pi'oportion  as  in 
the  disease  now  spoken  of. 
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To  Cliarcot  is  due  the  discovery  in  the  blood,  spleen.  '  '    -f 

leukiumic  patients  of  certain  peculiar  microscopic  oclal^  ^ 

wliicfi  appenr  lo  have  ii  ronstnnt  relation  to  the  disease.  IJicv  u  i»^ 
uppear  in  fresh  blood,  but  are  formed  soon  after  death.  Other «!» 
seners  have  seen  them  form  within  the  sub&tatice  of  the  leaoocrtci 
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Their  chemical  composition  is  not  yet  certainly  estAblished.  Chr 
cot  wns  at  first  inclined  to  regard  them  ns  consisting  of  an  albiinim'*! 
Bubstance  in  the  crystjilline  fitrnj ;  but.  according  to  more  recent  iDr<»- 
tigations,  tliey  are  thought  to  be  the  phosphate  of  a  peculiar  alliiM 
which  haa  been  obtained  also  from  the  semen. 

Pathology  of  Leukaemia. — The  e.'CJiet  nature  of  the  process  bf 
which  the  cxtraiirdiiuiry  accuundation  of  leucocytes  in  the  blood  nf 
tbis  disease  is  produced  has  not  yet  been  adcfjuately  explnini.tl 

It  is  natural!  to  suppose  that  there  must  be  an  increased   pr- 
of these  corpuscles  from  the  organs  which  normally  i^iipplv  ;ij!;.. 
the  blood.     Tlie  organs  which  are  believed  to  have  this  function  »» 
especially  the  spleen  and  the  lymphatic  glands;    but  also,  as  lin*  Im 
more  lately  shown,  the  red  medulla  of  boues,  and  perhaps  the  «nv«il*T 
masses  of  lymphatic  tissue  fi>und  in  the  substance  of  many  or_- 
fur  instance,  in  the  submucous  tissue  of  the  intestinal  tract.    Th- 
doubt  that  some  or  all  of  these  organs  are  enlarged  in  leukifmin. 

The  spleen  is  most  constantly  affected.     It  is  nenrly,  if  n-' 
always,  considerably  enlarged,  sometimes  weighing   se%*eral 
'J'lie  enlargement  is  found  to  be  due  to  a  general  hypertr<     '  t 

splenic  pulp,  the  Malp))igian  corpuscles  being  little  if  at  -L 

and  is,  in   this  part,  due  to  an  enormous  increase  of  the  ivmuluor 
cells. 

The  distribution  of  the  morbid  changes  strongly  supports  the  ra% 
that  an  increase<I  number  of  leucocytes  enter  the  blood  from  th* 
spleen,  since  the  pulp  stands  in  direct  relation  with  the  veins*  ami  a 
most  jirobably  the  nonniil  birthplace  of  the  colorless  corpuscles. 

On  the  supposition  that  the  changes  in  the  spleen  are  primarv.  tin' 
fonn  of  disease  in  which  this  organ  is  cbietly  uflected  has  been' called 
splenic  leukiemia.     It  is  the  commimest  form. 
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The  lympliiitic  glands  are  also  freqiiently  enlarged,  generally  along 
nth  tlie  spleen,  but  in  rare  cases  the  lytnpliutic  enliirgeraent  is  the 
>nly  or  the  chief  one.  Sitiee  the  lymphatic  glands  al!*;o  snpply  lymph- 
)rpuscSes  to  the  lymphatic  vessels,  and  thence  to  the  blood,  this  also 
lay  be  recognized  as  a  sonrt;e  of  the  excessive  i)rod«ction  of  leuco- 
rtes,  and  this  has  been  tJistingiiis^hed  as  the  lyuiphntic  fonn  of  leuk- 
Bmia.  But  this  form,  originally  described  by  Virchow,  is  extremely 
ire. 
The  red  meHluUa  of  the  bones  is  also  affected  in  some  cases,  the 
jlorlesj*  cells  being  greatly  increasetl  iu  number,  the  other  parts  being 
iitninisbed.  This?  change  has  been  found,  in  one  or  two  well-marked 
ses,  without  any  enlargement  of  the  sj»lcen  or  lymphatic  glands, 
[ence  the  conclusion  luis  been  drawn  that  this  tissue  also  is  a  source 
>f  the  increaseil  production  of  leucocytes,  and  t!^i^^  condition  litis  been 
liHtinguished  as  myehtgenk-  !>-ukifniia,  -The  red  niedullu  is  in  these 
ses  altered  in  appearance,  being  grayish-red  or  yellowish. 
There  is  no  proof  that  this  tissue  normally  furnishes  new  leucocytes 
the  blood,  but  it  has  been  made  probable  by  Neumann  that  it  is 
le  place  where  leucocytes  become  transformed  into  colored  corpuscles. 
Besides  these  organs,  it  has  been  as-serted  that  the  lymphatic  foUi- 
ies  of  the  intestine  may,  by  their  enlarpcment,  furnish  an  excessive 
lumber  of  leucocytes  to  the  blood,  and  tliis  constitutes  an  intestinal 
)rm  of  leukaemia.  But  this,  as  an  isolated  condition,  has  been 
jserved  in  one  case  oidy,  describeil  bv  M-  Behier. 
In  addition  to  these  ctinnges  in  the  lymphatic  and  blood-forming 
>rgans,  tfiere  is  another  very  coiistniit  change  in  various  jiarts  of  the 
body,  namely,  the  accumulation  of  leucocytes  iu  the  intei-stitial  con- 
nective-tissue. This  is  more  esj  ecially  seen  in  the  liver  and  kidney, 
but  also  in  other  organs.  The  ordinary  fibrous  connective-tissue  may, 
no  doubt,  norm  rlly  contain  a  variable  number  of  free  or  migratory 
cor[niscles,  but  not  at  all  the  jiroportion  in  which  they  are  foun<l  in 
this  disease,  ami  it  is  the  most  noticeable  as  it  occurs  in  the  kiitney, 
where  the  normal  connective-tissue  is  so  scanty  as  to  be  scarcely 
perceptible.     It  conslitutes,  in  fact,  a  eiitogtn&u*  connective-tissue. 

There  can  be  lit'le  doubt  that  these  formations  of  cytogenous  tis.<!ue 
are  to  be  considered  secondary,  and  a  consei|uence  of  the  condition  of 
the  blood.  The  chtinge^s  in  the  spleen,  lymphatic  gluiids,  and  osseous 
medulla  nientioned  above  are,  on  the  other  hand,  usually  regarded  as 
primary,  and  the  cause  of  the  alteration  in  the  Idood.  Nevertheless, 
this  is  far  from  being  absolutely  proved,  and  many  recent  authorities 
regard  lliem  also  ius  secondary. 

If  the  change^i  huiit  uientioneii  are  not  the  cause  of  the  accumala- 
tion  of  leucocytes  in  the  blood,  what  explanation  cun  be  given  of  this 
accumulation. 

The  only  other  theory  is  that  pro[josed  by  \'^irchow,  namely,  that 
the  abundance  of  leucocytes  depends  on  their  not  undergoing  their 
normal  transformation  into  colored  corpuscles,  it  being  assumed  that 
such  a  transformation  regularly  takes  place  in  normal  conditions. 
This  view  is  supported  by  the  occurrence  of  colored  nucleated  corpus- 
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cles  already  mentioned,  and,  on  rhe  whole,  this  explanntiuL  of  IrsV 
atmia  seems  best  to  accord  with  the  facts. 

We  have,  in  this  view,  to  regard  the  leucocytes  in  tlit^  iiur*-  * 
abortive  corpuscles,  which  have  stopped  short  at  »  certniu  •{»£»  • 
devolupment,  and  on  this  account  urc  not  removed   by   t'l  lu 

waste  of  colored  con  uscles  which  takes  place  in  nornia.1  - 

Looking  on  the  blood  as  an  orgjin,  the  accuiuulation  of  kn 
in   it   may   be   regarded  as  equivalent  to  a  lymphatic   tmn-r    i  ' 
blooil. 

Blood-plaques,  Blutplattchen,  Hsematoblasts. — It  luts  betrt  k.i  «. 
for  some  y<'ars  tliat   the  hlood  contains  a  third   kirnl  of  curp-j-i 
elements,  besides  the  red  disks  and  the  leucocytes.       ThciKi  »rv  uiu 
coloiiess  disks,  mea.suring  from  l.i^^fi  to  'i.h/,  on    an    average,  but  wi:- 
considerable  variation  in  ni'/c  They  have  beeti  often  overlooke«J  beria* 
they  lire  not  clearly  seen  excfjtt  with  a  very  high   power,  and  lh«aw 
they  rapidly  alter  when  the  blood  is  removed   from    the  b<xlv.     Thn 
ai'e  very  viscid  bodies,  and  readily  run  together  into  gr»nul:i 
masses,  known  as  "Sehultze's  granular  masses,"  which  wer<-  . 
thought  to  show  disintegration  of  leucocytes.      Ry  very   rupt.i 
of  a  thin  layer  of  blood   however,  or  by  allowing   the  drop  i 
into  a  75  per  cent,  salt  solution,  this  may  be    prevente<i. 
plaques  observed  in  a  sepamte  form.    They  are  best  seen  wht-i 
with  solution  of  methyl-violet,  or  the  solution  of  salt   may   t 
with  the  same  dye.     When  perfectly  fresh  they  are  circular  disk*,  iHti 
quickly  become  somewhat  angular  in  shape,  as  seen  in  Fig.  70. 


Ftu.  70. 
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♦  flOO 
BlcHKl-plaquen  m  seen  in  a  drifd  film  nf  blofKl. 
/,  leucocytes;  d,  retl  oorpuMlest  /),  blooil-plnques  looloretl  wlili  lufinvi- 
und  ma^^iiified  UOO  diiiniet«rs). 

It  has  been  sujtposcd  that  they  are  fortned  only  after  the  blood 
withdrawn  from  the  vessels,  but  by  special  methods  it  has  been  j» 
ble  to  see  them  in  the  circulating  blood  within  the  ves^ds,  autd 
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now  be  no  doubt  tliat  tliey  are  orijriiml  lunl  iiuniiitl  (constituents 

blODtl. 

TIio  9U|jjpos("»l  ])iiy8iological  functions  of  thest-  boilies  can  be  only 
brieHy  referred  to  bcre.  Ilfiyom,  who  first  ficcurntely  described  thein. 
regarded  thcni  as  a  preUminary  stnpe  in  tlie  foruuition  of  tlie  red 
blood-corpusck'S,  and  hence  gave  them  the  name  of  Ntrniatohlugt^. 

Bizzozero,  who  was  the  first  to  see  thein  in  cireuhttitig  bbntd,  re- 
•rnrded  them  as  the  esisentiul  agent.s  in  cuanmlntiun,  and  iiscribed  to 
thetii  u  special  iraportance  in  tlie  foriimtioti  of  thrombi,  more  particu- 
larly of  white  thrombi  (see  page  60),  but  this  is  not  universally 
admitted.  In  the  coagulation  of  a  drop  of  blood,  as  seen  under  the 
microscojie,  the  fibrinous  threads  certainly  ajipear  to  start  from,  or  at 
least  to  become  attached  to,  the  blnoii-jih-njues,  which  at  the  same  time 
alter  in  shape,  becoming  angular.  But  it  is  po.«sibIe  that  there  is 
some  fallacy  here,  and  that  the  changes' in  the  plac^ues  and  coagula- 
tion of  fibrin  may  he  merely  sininhnneous. 

Pathological  Relations  of  Blood-plaquea. — The  oidy  known  rela- 
tion of  bhii)d-pliU(ius  to  pathobigioal  processes  is  their  assumed  con- 
nection with  thrundnisis.  Their  numbi-rs  \ftry  greatly  under  different 
circumstances  and  m  different  individuals,  but  the  connection  of  these 
variations  with  any  special  jMithological  states  is  at  ]»resent  somewhat 
uncertain.  The  average  number  present  in  the  standard  volume — 
one  cubic  millimetre — f>f  healthy  Mood  has  been  placed  by  two  dif- 
ferent observers  (HayeTii  and  Afnnassiew)  sit  nearly  the  same  figure, 
20U,(J0O  to  8<.IU,000  or  an  average  of  ijr.dJHUl.  but'the  numbers  show 
enormous  variations;  for  instance,  in  enteric  fever  one  patient  showed 
87,0i)i>,  another  41i"j,'i00.  Determinations  of  the  relative  frot(uency 
in  diflercnt  diseases  have  given  the  most  discordant  result^!.  For 
instance,  some  observers  have  found  the  plaques  increased  in  inllam- 
matory  diseases,  some  diminished,  and  there  is  an  eipially  markeil 
discrepancy  in  observations  on  the  blood  in  anivmia  and  leuktemia. 
There  is  a  mure  getiend  agreement  that  they  are  increased  in  pidnio- 
nary  phthisis  ami,  perhaps,  other  wasting  disejuses.  But  the  fallacies 
of  observation,  caused  by  the  viscidity  of  the  ptarjues,  are  so  serious 
that  such  generalizations  have  as  yet  little  value.  A  rough  notion  of 
the  relative  frequency  of  these  elements  may  be  obtained  from  films 
of  blood  dried  on  cover-glasses.  In  a  ntnnber  of  ubsorvations  made 
by  this  methud,  1  havL'  found  no  constant  relation  between  tlie  abun- 
dance of  phnjues  and  any  special  cliseases,  but  the  largest  numbers  I 
have  seen  have  been  in  the  blood  of  phthisical  patients. 

The  subject  is,  however,  well  worthy  of  further  investigation,  and  it 
is  with  the  object  of  drawing  attention  to  it,  rather  than  of  recording 
any  positive  results,  that  these  observations  have  been  introduced.' 


'  In  ad(lilii>ii  lo  the  re  ft- re  net'!)  ^iveii  above  (jt.  rtl ),  Hh^  liillnwin^  iiieni'jirs  iriuy  be 
coneultofl :  Unyetn.  Arnliives  ile  Pliy-tioloRie,  18"8i  Bizwizero.  Virchow's  Archiv,  vol. 
xc. ;  Alanasaiow,  Doutschi-s  Archiv  flir  klin.  MecJ.,  vol.  \xx\ .,  ISM. 
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VARIATIONS  IX  THE  PLASMA  OF  THE  BLOOD. 

Variations  in  Fibrin. — The  amount  of  fibrin  formed  by  the  blood 
when  it  t'oagiilates  out  nf  tlie  body  varies  greatly  iu  different  diseases. 
nrid  couilitionM. 

Ill  ihe  ilays  wheu  venesection  furnislied  iihiin<l3jrit  specimens,  it  wa»j 
OiireruUy  investigated  by  Amlral.  by  !iee<juerel  iiml  Rotlier,  and  others. 

The  proportion  of  fibrin  in  heultby  blood  is  from  2.2  to  2.8  parts 
per  lOOl)  for  venous  bluod,  and  soinewliat  more  for  arterial  (Gamgee). 

This  amount  may  be  increased  in  disease  to  as  much  as  IM  parts 
per  1000.  It  is  increa.sed  in  certain  physiological  conditions — viz.,  in 
the  later  stages  of  pregnancy,  and  by  animal  diet.  The  proportion  is 
small  ill  infant.<»,  but  increa.ses  at  puberty.  It  is  not  greater  iu  plethoric 
individuals,  but  is  increased  in  some  cases  of  ddorotic  unEeniia. 

The  moat  remarkable  increase  of  fibrin  is  found  in  acute  organic 
inflammations,  such  a.*  pneumonia,  pleurisy,  bronoliitis,  peritonitis, 
erysipelas,  cystitis,  acute  rheumatism,  infiammalion  of  lymphatic 
glands,  etc.  Thus,  in  acute  rheumatism,  it  has  been  found  to  amount 
to  as  much  as  10  parts  per  100*),  and  in  no  case  observed  by  Andral 
and  Gavarret  was  it  less  than  4,  giving  an  average  of  from  7  to  8 
parts;  ami  in  pneumonia  both  the  extreme  limits  and  the  avenige 
were  found  nearly  tlie  same,  It  is  remarkable  that  c  ipious  blood- 
letting did  not  diminish  the  amount  of  fibrin,  but  even  seemed,  in 
some  cases,  to  increase  it. 

On  the  other  hand,  in  the  specific  fevers — such  as  typhoid  or  other 
continued  fevers,  gnuillpox,  scarlatina,  raea-nles — the  amount  of  fibrin 
was  never  found  increased,  and  in  some  cases  was  even  diminished. 
Tims  there  were  eases  of  typhoid  in  which  the  fibrin  never  exceeded 
2.8  and  sometimes  fell  as  low  as  1  part  in  1000;  and  in  smallpox 
the  figures  were  only  rarely  higlier  and  souielimes  showed  Jis  low  a 
minimum.  It  is  remarkable,  however,  that  if  in  these  affections  an 
acute  inflammation  of  any  organ  supervened,  such  as  bronchitis,  or 
glnndular  inflammations,  or  even  an  eruption  of  furuncles,  the  amount 
of  fibrin  was  increased.  In  intermittent  fevers  (ague)  the  same 
absence  of  any  increase  in  the  fibrin  was  noted. 

In  those  inflammatoi-y  conditions  in  which  the  fibrin  is  increased  a 
remarkiible  appearance  is  often  presented  by  the  blood  drawn  from  a 
vein.  Tiie  fibrin,  together  with  the  leucocytes,  rises  to  the  top  of  the 
bleeding-basin,  forming  a  layer  known  as  the  "  huffy  coat,"  while  the 
red  corpuscles  sink  to  the  bottom  of  the  serum.  If  the  huffy  layer 
contracts  very  much,  tlie  ujijier  suifiu-e  will  become  concave,  so  that 
the  whole  resembles  a  cup;  and  the  b!ood  in  this  condition  is  said  to 
be  "  cupped  and  bufied.''     Great  importance  was  at  one  lime  attached 
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to  this  curious  phenomenon,  as  it  was  supposed  to  be  a  special  sign  of 
the  existence  of  inflammation.  It  seems  to  depend  chiefly  upon  the 
abundance  of  fibrin,  and  hence  is  seen  in  acute  organic  inflammations. 
ConditionB  in  which  Fibrin  is  Diminished. — A  diminution  of  fibrin, 
besides  being  found  in  certain  cases  in  specific  fevers,  as  already  men- 
tioned, has  been  observed  in  organic  heart-diseases  in  their  last  stage, 
in  malarial  cachexia,  in  scurvy,  and  in  chronic  mercurial  poisoning. 

Fibrin,  as  seen  in  coagulated  blood,  shows  some  variations  in  con- 
sistence. It  is  sometimes  very  firm  and  elastic,  sometimes  looser  and 
more  friable.  The  latter  quality  appears  greatly  to  depend  upon  a 
larger  proportion  of  corpuscles  being  contained  in  the  clot,  but  not 
entirely,  since  the  fibrinous  threads  themselves  are  sometimes  more 
granular.  The  cause  of  these  variations  has  not  been  clearly  ascer- 
tained. 

Causes  of  Variations  in  Fibrin. — While  the  physiological  explana- 
tion of  the  formation  of  fibrin  is  still  incomplete,  we  cannot  expect  to 
have  an  adequate  explanation  of  the  pathological  variations.  But  if 
we  adopt  the  theory  of  Schmidt,  that  fibrin  is  formed  by  the  union  of 
two  constituents  of  the  plasma — fibrinogen  and  paraglobulin — under 
the  influence  of  a  ferment  derived  from  the  white  corpuscles,  these 
variations  might,  theoretically,  be  due  to  variations  in  any  of  these. 
But  there  is  most  probability  in  the  hypothesis  that  the  variations  in 
the  number  of  leucocytes  which  furnish  the  ferment  are  the  chief 
determining  cause,  since  these  corpuscles  are  decidedly  increased  in 
the  inflammatory  conditions  in  which  there  is  an  excess  of  fibrin. 

Variations  in  other  Constituents  of  the  Blood:  Fats. — The  amount 
of  fet  normally  present  in  healthy  blood  is  from  1  to  3.3  parts  per 
1000.  When  this  proportion  is  much 
increased,  the  serum  presents  a  milky 
appearance,  like  chyle,  and  is  called 
chylous  serum.  The  name  lipsemia 
is  also  given  to  this  condition. 

A  chylous  condition  of  the  serum 
is  found  to  occur  normally  afler 
abundant  ingestion  of  food,  especi- 
ally such  as  contains  fatty  matters, 
Xt  is  also  stated  to  be  found  in  chronic 
^coholism,  in  Bright's  disease,  and 
in  certain  acute  diseases,  such  as 
pneumonia,  acute  rheumatism,  and 
Iiiepatitis.  But  these  statements  re- 
<:jnire  confirmation.  More  certain 
K'esults  have  been  obtained  in  diabetes. 

Xn  this  disease  the  scrum  of  blood  has  been  found  milky,  from  the 
;i3resence  of  notable  quantities  of  fat  soluble  in  ether.  The  fatty 
globules  may  also  be  seen  with  the  microscope,  and  recognized  by  stain- 
ing with  osmic  acid.  In  one  case  Gamgee  found  10.8  parts  of  fatty 
^aatters,  and  1.96  of  cholesterin  per  thousand,  in  blood  drawn  during 
1  ife.     This  is  not,  however,  found  in  all  cases  of  diabetes. 

The  proportion  of  cholesterin  is  also  stated  to  be  increased  in  acute 


Plates  of  cholesterin. 


28i 


THE    PROCESSES    OF    DISEASE. 


febrile  diseases,  acute  inilauiinations,  and  especially  in  certain  omi f' 
Jauudioe. 

Sugar. — Thtre  is,  according  to  Pavy,  n  Btnall  quantitr  of  dtrw 
norma lly  present  in  blood,  vfhich  was  found  to  be,  in  the  blixxl  nf  is* 
dog,  on  tin.'  average.  !>  parts  per  llMlO, 

In  dial>etcs  tlii.s  prfiportimi  is  enormously  increased,  amoontin^.  a 
cermin  csuses,  to  from  4.1)7  to  .j.Tti  parts  per  KHJO. 

Urea  and.  Uric  Acid. — Tlie  anioimt  of  urea  present  in  nonii.il  M— I 
varies  from  0.2  to  0.4  part  per  lOOU. 

This  proportion  is  largely  increased  in  Wright's  disease,  irj  rii'  -. 
anrl  in  yellow  fever,  and  also,  it  is  said,  in  diabetes  and  f<:r. 
affection.s. 

In  Brigbt's  disease  0.4  to  0.0  part  in   lOlJO^  and    even  morr,  bs 
been  found.     This  excess  constitutes  the  condition   known  iia  anrmm, 
but  the  so-called   urcernic  sytuptonis,  sach  as  coma  and  convni-  ' 
cannot  be  due  to  this  cause  alone,  but  in  part  also   u>   the  hj  r" 
condition,  and  perhaps  partly  to  some  other  poisonous  principles  wln;^ 
may  aeciimuhite  in  the  blood. 

In  cholera  2.43  and  3.G  parts  per  thousand  respectively  havcl** 
found  in  two  cases. 

Uric  Acid  i.s  present  in  noraial  blood  in  extremely  minute  qaiintiti«. 
In  gout,  both  durinir  the  acute  attacks  of  the  disease  and  in  the    l.:  i 
condition,  it  is  present  in  notable  fjuantilios,  anrl  may  be  obtaii.- 
crystallixation  from  the  .leriini.     It  may  also  be   shown   in   tlic  itevm 
ohtuineil  from  a  blister. 

The  name  lithsemia  has  been  given  to  the  condition   of  eJtc*»  '/ 
uric  acid  in  the  blood.     It  was  attributeil  by  Murchijion   esp«*<'i'''  " 
defective  action  of  the  liver,  and  regarded  as  the  condition  aii! 
to  gout. 

Salta. — Nothing  definite  is  known  about  the  variations  in  the  «I» 
of  the  blood  in  disesises.  In  hydni'uiic  conditions  the  pronortiou  >' 
salts  in  the  serum  is  necessarily  diminished,  and  in  cholerai,  v»hrt»  ti* 
amount  of  water  is  diminished,  the  salts  must  be  rehitivelv  incroaH^- 

Pigfment. — In  chronic  conditions  of  malarial  poisoninj^,  after  rr 
peated  attacks  of  ague  (the  malarial  oichexia),  the  bhK>d  nmy  coDtiia 
black  or  hrowuiah  pigment-granules,  partly  free,  p>artlv  contained  it 
the  leucocytes.  It  is  altered  blood-pigment,  which  pa.«is»"i  int.i  'It 
blooil  from  the  spleen,  where  it  has  accumulated  in  coi 
repeated  hemorrhages  in  that  organ,  ami  may  be  thns  diMijoiiioi  • 
other  jtarts. 

Oases  of  the  Blood. —Although  it  is  probable  that  in  certain  o*- 
ditions  r.  g.,  an:i?mia  or  ohgocytluemia,  the  amount  of  oxygen  in  iht 
blood  is  diminished,  and  in  conditions  of  imperfect  respiration  the 
amount  of  carbonic  acid  increased,  no  precise  determjuationa  hvn 
been  made  of  these  variations. 

In  the  blood  of  patients  with  the  plague,  free  sulpharetted  byiim^ 
was  found  by  the  French  patlmlogists  in  Egypt. 

Parasites  of  the  Blood. — The  parasitic  organisms,  animal  and  teg*' 
table,  which  are  occasionally  met  with  in  the  blood,  will  bi«  di>xT.W 
in  the  second  part  of  this  work. 
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CHAFTEK   XXIX. 

MECHANICAL   AND   PHYSICAL   INJURIES. 

entering  upon  tbe  general  topic  of  Causes  of  Disease,  wliich  is 
lie  subject  of  the  second  }Kirt  of  this  >vork.  it  is  necessary  at  tlie  out- 
set strictly  to  limit  the  extent  to  which  it  will  be  possible  to  range 
over  this  wide  field.  It  will  he  only  tiructicahle  to  consider  that  class 
of  causes  of  disease  called  Injuries;  the  word  being  ttiken  in  a  wide 
sense,  so  as  to  include,  (1)  injuries  from  mechanical  and  physical 
causes;  {2)  injuries  from  poisons;  (3)  injuries  from  living  things  in 
or  upon  the  body. 

Mechanical  Injuries. — A  full  discussion  of  the  injuries  caused  by 
mechanical  violence  would  be  evidently  quite  out  of  place  here,  since 
it  would  extend  over  a  great  piirt  of  the  held  of  surgery. 

Tbe  consequences  of  mochanicid  injury  may.  be  regnrded  a.s  s/nrial 
and  as  t/eneral.  The  special  consequences  are  such  as  removal,  sev- 
erance, or  destruction  of  organs  or  other  importunt  parts.  The  general 
are  such  as  are  produced  in  all  tissues  alike.  Now  it  is  plain  that 
such  special  consetiuences  of  mechanical  violence  as  fractures  of  bone, 
division  of  nerves  or  aneries,  or  rui)ture  of  internal  organs  do  not 
come  under  consideration  in  Oeneral  Pathology.  liut  there  are  cer- 
tain iinivei'sal  coiisc(|uences  of  all  meclianical  injuries  whatever  ]>arts 
they  may  aflect,  and  these  admit  of  being  stated  in  a  general  ex- 
pression. 

In  all  wounds  or  mechanical  lesions,  a  certain  proportion  of  tissue 
composed  of  cells  and  other  elements  is  killed  or  destroyed.  The 
amount  of  destruction  tlius  produced  is  not  necessarily  in  proportion 
to  the  gravity  of  the  injury  in  other  respects.  A  clean  wound  witli  a 
sharp  weapon  may  cause  death  hv  diviiling  a  vital  part  while  producing 
a  minimum  of  tissue  liestnirticm  ;  while,  on  the  other  hand,  a  crusliing 
or  bruising  wound  may  kill  ii  con.stderahle  mass  of  tissue  without  pro- 
ducing any  serious  effect  on  the  body  as  a  whole.  But  in  all  cases 
there  is  some  tissue-death,  which  is  what  the  general  pathology  of 
injury  is  concerned  witli,  especially  since,  jis  will  be  seen  hereafter,  an 
effect  essentially  the  same  is  proilined  by  other  injuries. 

The  further  re.sults  which  follow  on  the  death  of  elements  or  lis* 
are  twofold.     In  the  first  place,  the  dead  material  is  injurious  1 
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body  I  as  generating  noxious  substances  which  are  ahsorbetl,  »'vl  »♦ 
cause  it  serves  as  a  nidus  for  the  grovs'th  of  orgatiistnii  which  an- 
more  deleterious.     In  the  second  place,  the  dej^troyed  parts  La^riw 
restoretl,  :<o  ih:it  new-jirowth,   in    healrhy  comlitions,    al»:i'«  f-''^-^' 
incehanicjil  injiiry.      Till  the  dead  matters  are  absorbed  <i: 
and  tlie  jiart  restored,  so  far  as  restoration  is  possible,  the  •_ 
injury  are  not  compensated.     The  processes  of  eliininati<»n  nuii  nrpt 
have  already  been  spoken  of  in  treating  of  inflntumation. 

There  is  further  ont-  general  or  somatic  efl'ect  i»f  severo  meduie*' 
injury  which  must  bo  briefly  referre*!  to,  namely,  tho  coiitlitinQ  call- 
Shock.     The  symptoms   of  shock  are  so  fully  described   in  xarprn 
works  that  it  will   be  only  necessary  to  say  here    tliat   failure  iif  At 
heart,  a  toneless  stsUe  of  the  arteries,  failure  of  respiratiou  oftm  *tt 
cyanosis,  lowere<l  lxidy-temj>erature,  and  prostration  of  tlje  iotrlledfc 
and  sensory  functions  of  the  bn»in,  are  the  most  important     lajur; 
is  admitted  to  bo  tlie  chief  cause  of  shock.      "As  a  rule,  llie  Vf- 
extensive  the  injury,  the  nearer  it  is  to  the  centre,  and   the  mor- 
assumes  a  crushing  character,  the  greater  will    prove  the  arm '-ii 
shock.       The  crushing  of  a  finger  or  bruising   of  a   testi. 
occasions  severe  shock  ;  so  also  do  extensive  burns   or  8c&ltl:>       i 
Cormac). 

There  can  be  little  doubt  that  the  effect  producing  shock  KS 
through  the  nervous  system.  Intense  pain  nuiy  produce  it,  tliouj^  rt 
mav  also  occur  in  severe  operations  even  under  anivsthetic*.  Xl'U»' 
over  the  same  condition  may  result  from  an  intense  uiental  imnresB** 
or  emotion,  whether  of  terror,  ixcitement,  or  grief,  such  as  witneflsi^; 
the  death  of  othere  or  even  severe  accidents,  which  have,  in  mat 
instances,  given  rise  to  fatal  shocks  in  the  bystanders. 

Physical  Injuries. — Tlie  injtirious  effects  of  the  physical  a^ab 
hent,  cold,  ami  ilectrieity  must  be  briefly  considered. 

General  Effects  of  Heat. — A  very  high  external  temperature  mi^ 
be  Itorrif  by  the  human  body  so  long  as  the  regulative  apparatus  is  all* 
to  keep  the  body  temperature  within  ordinary  limits.  Thus  in  in 
air  a  temperature  of  lili'-  or  even  '2i>0°  has  been  borne  for  some  aui>- 
utes,  and  still  higher  nuudjcrsare  given.  Work  may  be  carried  on  fcr 
some  hours  at  from  120^'  to  lOiP  :  and  in  the  tropics  a  dry  temperattiR 
of  120°  to  130°  is  sustained  for  a  long  time  without  damage  and  wiUxmh 
slight  rise  of  temperature  of  the  boily.  But  when  the  effects  of  li£k 
temperature  are  combineil  with  those  of  fatigue,  as  in  the  c«sr  <d 
soldiers  marching  or  others,  the  regulative  machinery  appcarv  >• 
become  suddenly  exhausted,  with  the  result  of  high  body  lompentoJ* 
(li'4°  or  more)  and  r»tlier  symptoms  of  hyperpyrexia,  which  i>i«v  '< 
rapidly  fatal  (see  p.  181)).  This  is  heat-stroke  or  tiegit-n| 
which  is  not  necessarily  due  to  the  direct  rays  of  the  sun.  -iti 
often  occurs  early  in  the  morning  and  in  the  shade.  The  effc 
ilirect  solar  heat,  or  sunstroke,  appear  to  be  due  more  to  cei 
hyperiemia. 

Small  animals,  such  as  rabbits,  dogs.  etc..  expose«l  to  a  toni 
of  even  100°  to  104°  in  closed  chambers  for  some  hours  gtiiiv.u" 
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die,  uinl  a  temperntuie  of  112^  lias  been  fiiunil  coustjintly  lutal  uruler 
such  c■iI■i•um8tillK•e^*.  Sinco  nmscle-substarice  cnntiiins  uiie  ulhuminous 
body  at  leust  whk'b  coiiguhites  sit  112'',  it  ia  thoijirlit  tiint  death  may 
be  caused  by  the  coagulation  (if  tlic  respiriitory  muscles  and  heart. 
But  this  liypothesi.s  mtiMt  not  be  iiresseiH  too  closely. 

It  li!i3  already  been  mentioned  that  in  aiiimids  exposed  for  a  long 
time  to  a  high  tempi-rature,  parencliynnitous  (ami  also  fntty)  drgcner- 
atioiv  of  muscles  and  ghind-s  is  produced.  In  Litteti's  cxperinients 
exposure  to  a  temperuture  nf  'JT^-l*l.*°  for  a  few  days  Imd  this  result. 
Similarly  the  pareiRhyuialuu9  degeuenitiou  of  organs  in  febrile  dis- 
eases has  been  thought  to  be  a  conaequeuce  of  high  body-temperature, 
but  this  is  not  e.stnbnshe<l  beyond  a  doubt. 

Local  Effects  of  Heat. — A  temperature  much  above  the  normal 
has  for  its  usual  result  irrHannnafion.  or,  if  still  more  intense,  necrosis 
(see  p.  1-^1:').  The  efleets  of  iinleiit  beat  or  burning  on  ihc  tis-sues, 
though  apfmrently  more  conijitieated,  are  explieabie  in  the  siiuie  way. 
The  lowest  degree  of  injury  is  .seen  in  the  production  of  hy]iera?uiJa. 
which,  however,  if  followed,  as  it  often  is,  by  desquiitnntion,  must  be 
considered  as  a  slight  form  of  infiumuiation.  In  the  next  degree  is 
observed  the  formation  of  a  blister,  which  means  necrosis  of  the  super- 
ficiu!  portion  of  epidermis  and  rapid  iuHamuiatory  exudation  from  tbe 
deeper  portion.  A  still  more  severe  injury  causes  deeper  necrosis  of 
the  tissue  and  the  formation  of  an  eschar,  while  in  extreme  cases  the 
tissue  may  be  actually  carbonized.  The  neighboring  parts  will  natur- 
ally pas.**  into  the  state  of  iijHanmiation.  The  injurious  effects  of 
burns  un<l  scalds  depend  piirtly  opon  the  shock  caused  by  injury  to 
supeificiivl  nerves;  but  jKUtly  also,  it  woidd  seem,  upon  alterations  in 
the  blood.  In  Wertheim's  experiments  upon  luiimals  it  was  founii 
that  the  blood  after  severe  burtis  contained  yellowish  granular  nmsses 
resulting  from  the  disintegration  of  red  corpuscles  ;  and  luTmaturia. 
probably  also  dependent  on  destruction  of  hlood-corpuscles,  always 
resulted.  The  ap[)earances  after  death,  when  life  is  ])n)longed,  are 
ecchyraoses  on  serous  and  mucous  surfaces  and  parenchymatous  de- 
generation of  muscles  and  glands.  Inlhitiimation  of  the  lungs  may 
result  and  in  rare  cases  ulcers  of  the  duodenum.  The  latter  are  pro- 
bably the  outcome  of  patches  of  ecohymosis  or  hemorrhagic  infiltration, 
which  I  have  observed  in  that  situation  after  burns. 

Burns  affecting  a  large  portion — it  is  said  more  than  one-tldrd — of 
the  surface  are  generally  fatal ;  and  sometimes  the  same  result  follows 
a  much  less  considerable  lesion. 

OeDeral  Action  of  Cold. — Exposure  to  even  .severe  external  cold 
may,  as  is  well  known,  be  borne  without  damage  if  the  body  is  in  a 
healthy  state.  Hut  when  the  exposure  is  greatly  prolonged,  or  the 
body  badly  nourisheil,  or  its  temperature  not  kept  up  by  exercise,  a 
fata!  result  may  ensue.  It  is  not  known  [irecisely  in  what  way  death 
is  produced,  but  there  is  much  protiability  in  the  view  that  it  is  by 
simply  lowering  the  temperature  of  the  body.  Precise  observations  on 
this  point  are,  for  obvious  reasons,  not  likely  to  have  been  made  in 
the  human  subject,  but  it  is  found   tiiat   in  the   case  of  any  warm- 
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blooded  animal  a  lowering  of  the  temperature  of  the  bti-. 
appears  to  be  nearly  always  fivtal.  The  mode  in  which  >'• 
'iticeil  is  either  by  failure  of  the  heart  or  by  anrcnjia  «'i  tm  .-\: 
1"he  drowsiness  wliifh  is  a  well-known  symptom  of  the  injurious  f5« 
of  er)bi.  i;!  [)robably  due  to  the  latter  condition. 

Action  of  Cold  on  Tissues. — Single  elements    such  jls  lour  .-ij> 
even  of  warm-blooded  tmiimUs  may  be  exposed  to  a  fre« 
ature  and  yet  revive,  as  may  also  eggs  ;  but  in  some  couf 
cessive  cold  sometimes  causes  necrosis  of  exposed    part-. 
nose,  ears,  and  fingers,  known  as  frostbite.     The  pro(  ' 
that  the  part  is  first  rendered  totally  ansemic   and    th- 
the  vascular  walls  are  further  altered  by  cold,  so  that  >«heii  tiit  ui" 
returns,  the  vessels  are  impenneable,  and  local  death  of  the  pan  ui-i 
place.     A  lower  degree  of  the  same  change  is   seen    in  the  cjoirii 
chilblain.     The  vessels  are  altered  by  cold,  not  sufficiently  to  r>  r  - 
them  impermeable  but  only  to  produce  stagnation  of  blood  with  >  v. 
.sis,  to  which,  according  to  well-known  principles,  is   adde«i  iiiri.<:i(i^ 
tion.     The   inflammation  however,  shows  a  well-marked    tcndin-*.  ' 
ulceration  or  necrosis,  not  to  active  3Uj>puration.     Tiiesc  change*  bn 
a  close  resemblance   to  the  graduated  series  of  effects   obeervei  bj 
Cohnheim  to  be  produced  in  the  eare  of  rabbits  when   exposed  in  i 
bloodless  state  to  extremes  «*f  cold  and  heat. 

Effects  of  Changes  of  Temperature. — It  is  a    familiar  feet  tlai 
vicissitudes  of  temperature  succeeding  one  another  rajiidlv,  have  'i'  1-   • 
ious  consequences,  especially  in  setting  up  inflammations  of  luun.- 
parts.     Although  of  late  years  there  has  been  a  tendency  to  McriW 
less   than  was  ftjrmerly  ascribed   to    these   causes,    uo  scepticism  cm 
deny  the  effect  of  taking  cold  in  producing  such  complaints  as  cstuni 
of  the  respiratory  tract,  and   muscular  rheumatism.       The  mnrr.- 
which  these  effects  are  produced  is  far  less  certain.      The  most  ; 
ble  explanation  is  that  of  Ruseritljal,  that  disease   from  coM  li  i' 
when  the  skin  is  very  full  of  blood  from  exposure  to  heat  or  c.X'  ■- ■• 
heat-production,  and  is  tlien  cooled  rapidly  so  that   there  is  •-*  irf^' 
difl'erence  between  the  temperature  of  the  l)!ood  in  the  skin.  :i 
of  the  blood  in  internal  parts.    At  the  same  time  the  cutaneou- 
eontractj  and  thus  masses  of  coaled   blood  are  thrown    in   ut    •. 
interna!   ru-gans,  of  which   the   lungs  are,   for  obvious    re-ason^,  ut^ 
likely  to  suH'er. 

Effects  of  Electricity. — Death  from  a  stroke  of  lightning  is  dari* 
the  discharge  between  the  earth  and  the  cloud  passint^  throagh  lie 
human  body,  which,  from  the  amount  of  water  it  contains,  is  a  pyJ 
conductor.  Since  death  comes  without  there  being  necessarilv  aa? 
visible  alteration  or  wound  of  the  body,  it  is  doubtlec^  caused  bV 
paralysis  of  the  nerve-centres,  as  is  evidenced  by  the  instantaneon;  in- 
sensibility which  accompanies  the  stroke,  even  when  it  is  not  fauL 
The  heart  and  respiratory  movements  are  weakened  in  noii"  -'-s 

probably  froui   an   affection    of  the   njedulla  oblongata.  if 

discharge  through  the  body  may  be  marke<l  by  ecchvnii-i  -.     r  - 
times  by  ruptures  of  certain  parts;  while  on  the  surf:i<r  :    ,    • 
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extrance  and  exit  are  shown  by  small  wounds,  sometimes  complicated 
by  curious  tree-like  markings  or  "  lightning  figures"  caused  apparently 
by  the  discharge  spreading  in  an  irregular  manner  over  the  skin. 
Rapid  putrefaction,  fluidity  of,  and  production  of  gas  in  the  blood  have 
also  been  described  as  post-mortem  appearances,  but  are  of  uncertain 
significance.     In  many  cases  the  appearances  are  quite  negative. 

Of  late  years  the  powerful  induced  currents  used  for  electric  light- 
ing have  in  many  instances  been  fatal  to  those  who  have  incautiously 
touched  the  conductors  and  thus  made  the  current  pass  through  their 
bodies.  No  characteristic  changes  have  been  found,  this  kind  of  dis- 
charge producing  less  physical  commotion  than  the  disruptive  dis- 
cbarge of  lightning.  In  one  case  a  small  blister  was  seen  upon  the 
finger  of  a  man  who  was  suddenly  killed  by  touching  a  machine.  The 
histology  of  this  case  was  carefully  examined  by  Messrs.  Shield  and 
Delepine,  who  found  changes  in  the  epidermis  an«l  true  skin  compar- 
able to,  though  not  precisely  like  those  observed  in,  blisters  produced 
by  burning. 
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CHAPTER    XXX. 

THE  ACTION  OF  POISONS. 

Though  it  is  no  part  of  the  scope  of  this  book  to  enter  into  it 
pathology  of  poisons  specially,  there  ai'e  a  few  broad  iacts  respediM 
the  action  of  this  class  of  causes  of  disease  which  must  be  considm 
before  we  can  understand  the  action  of  those  specific  causes  whidi  w 
more  important  for  our  purpose. 

Poisons  are  defined  as  "  substances  which  are  capable  of  senodr 
affecting  health,  or  destroying  life,"  usually  through  being  absoiM 
into  the  blood,  but  sometimes  by  a  very  violent  action  on  some  panef 
the  body. 

A  pathological  definition  of  poisons  must  be  wider  than  this,  ui 
would  be  rather  something  as  follows:  "  Substances  capable  of  inju- 
ing  the  body,  either  by  causing  damage  to  the  tissues  or  by  produdng 
functional  disturbance." 

Poisons  are  distinguished  by  medical  jurists  into  two  main  claaee: 
( 1)  Irritant,  ( 2)  Neurotic ;  and  which,  though  a  rough  classificatioB. 
may  answer  our  present  purpose.  Irritant  poisons  include  acids,  ilb- 
lies,  metalloids  and  metals  or  metallic  salts,  and  some  vegetable  sub- 
stances. 

The  property  common  to  all  these  substances  is  that  of  causinj 
irritation  or  intlaramation  of  the  digestive  mucous  membrane,  witb 
the  well-known  symptoms  of  vomiting,  purging,  etc.  They  also  affect 
other  surfaces,  whether  broken  or  intact,  in  a  greater  or  l«s 
degree. 

Besides  these  local  symptoms,  they  produce,  when  absorbed  inw 
the  blood,  other  symptoms,  depending  upon  the  way  they  affect  the 
nervous  or  other  systems  of  the  body.  These  symptoms  are  the  saiw. 
by  whatever  channel  the  poison  enters,  but  vary  according  to  thf 
amount  absorbed. 

Though  absorption  takes  place,  generally  speaking,  more  easilv 
from  the  digestive  tract  than  from  any  other  part,  it  may  take  place, 
under  some  circumstances,  from  any  part  to  which  tlie  poison  is 
applied. 

Irritant  and  Corrosive  Poisons. — When  the  local  action  is  very 
violent,  corrosive  or  destructive  action  is  produced  and  hence  certain 
poisons,  such  as  strong  acids,  corrosive  sublimate,  etc.,  are  classifieds!) 
corroaiveg ;  but  this  distinction,  though  practically  important,  is. 
pathologically  speaking,  only  one  of  degree. 

The  one  local  action  common  to  all  irritant  and  corrosive  substancos 
is  that  of  producing  injury,  necrosis,  or  local  death  of  the  tissue-ele 
raents,  the  evidence  of  which  will  be  different  according  to  the  tiasiM 
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affectetl.  The  moat  conspicuous  action,  which  is  regarded  as  a  chiirac- 
teriatic  sign  of  irritfition,  is  thsit  exerted  on  tlie  bioodvessels,  leading 
to  hypcneniin,  increased  cxiidiiiion  of  serum,  extravasation  of  the  ele- 
ment;* of  the  blood — in  fact,  the  type  of  vascular  inHamraatioli.  If 
the  injury  to  the  vessels  be  very  severe,  heraorrhage,  or  extravasation 
of  the  bloud  as  a  whole,  resultjii. 

The  action  of  the  parenchymatous  elements,  thougli  less  noticed  in 
practice,  is  nut  less  distinct. 

Tlie  epithelium  of  the  digestive  tract  may  he  killed  off  in  one  mass, 
producing  a  so-called  fahe  membrane  or  slough,  which  is  really 
nothing  but  the  necrcsed  mucous  membrane  peeling  oif.  This  is  seen, 
for  instance,  as  the  result  of  swallowing  concentrated  mineral  acids, 
corrosive  sublimate,  chloride  (»f  ziur  and  other  corrosii'es,  and  also 
from  tartar  emetic  and  [diosphorus.  In  extreme  cases  a  portion  of 
the  walls  of  the  stivuiiich  may  be  completely  destroyetl,  cau-sing  perfor- 
ation or  laceration.  This  action  goes  on  after  tleath»  if  the  poison  re- 
main in  the  stomach  or  intestines.  If  the  poison  be  more  dihite,  the 
necrotic  action  consists  in  causing  granular  (albuminous)  degenera- 
tion or  cloudy  swelling  of  the  epithelium,  generally  accompaiiied  by 
coagulation  of  albumen. 

This  is  probably  a  constant  result  of  the  action  of  metallic  poisons, 
though  not  always  noticed.  It  may  occur  without  any  gross  altera- 
tion of  the  mucous  membrane  visible  to  the  naked  eye,  or  may  cause 
jellownes.s  and  opacity  of  the  epithelium  (  Fig.  72). 


Fi.*  72. 
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Mucous  memhranp  in  lUMitc  arsfnii-ul  [Miir«<niiiiii  ((imuiK  nnd  Musleb). 
One  lymphatic  follicle  io  shown,  with  faity  anil  e^-nuiiilar  cuntenta  beginning  to 
break  down  ut  iu  outer  (v^iject.    Also  levenil  peptic  gluiidi!  with  granular  degonera- 
lion  nf  the  epithelium. 

It  may  be  traceable  when  the  signs  of  vascular  inflammation  are 
very  slight  or  ab.sent.  In  a  case  of  fatal  ])oisoning  by  antimony  which 
the  writer  examined  some  yeai-s  ago,  there  was  no  visible  hypera*mia 
or  infliutiuuttion  of  the  stomaeli.  but  the  mucous  membrane  was  found, 
on  t:i icro.scopical  examination,  to  be  cuinpletely  <lisorganized.  the  ejti- 
thcltal  elements  being  converted  into  granular  masses,  of  wfiich  the 
structure  was  hardly  recognizable.  In  this  ease  the  poison  was 
probably  taken  in  a  very  dilute  form,  though  in  a  large  dose. 
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This  poisonous  action  is  exerted  to  a  certain  extent  by  the  mineral 
a,cnh,  !tnd  the  suits  of  a  great  iiuuiber  of  metals,  and  by  certiiin  metal- 
loids such  a3  pliosphonis. 

Among  merallic  salts,  those  of  the  heavy  metals  more  eapecially 
exert  a  necrotic  action. 

Alkaline  salts,  being  normally  contained  in  the  fluids  of  the  body, 
are  less  destructive,  but  even  some  of  these,  in  great  concentration, 
cause  intense  iullammation.  The  caustic  alkalies  also  dissolve'  the 
tissues. 

Among  the  other  niotalliu  salts,  the  action  is  greatly  modified  by 
solubility,  quite  insoluble  substances  having,  for  obvious  reasons,  only 
a  mecbanieal  iiction,  while  nitrates,  which  are  most  soluble,  are  also 
the  most  active  ;  soluble  chlorides  and  sulphates  coming  next,  while 
insoluble  or  slightly  soluble  chlorides,  carbonates,  and  oxides  have 
comparatively  little  necrotic  action. 

F'ur  instance,  mctctn iv  nitrate  and  silver  nitrate  are  powerful  caus- 
tics;  zinc  chloridi-  and  mercuric  chloride  also,  while  soluble  sulphates, 
such  us  those  of  copper  and  isinc,  have  a  similar  but  mucli  milder 
action  when  used  in  a  concentrated  form. 

There  are  also  great  diflcrences,  whicSi  cannot  here  be  considered, 
dependent  upon  the  chemical  nature  of  the  base.  For  instance,  the 
mercurous  compounds  are,  even  taking  into  account  their  inferior 
solubility,  much  milder  in  their  action  than  mercuric  salts. 

Salts  of  lead  can  hardly  be  used  in  suificient  concentration  to  pro- 
duce an  iictuatly  destructive  efl'ect,  but  have  a  local  nctioo  which 
greatly  resemble  that  <d"  the  above-name<l  .salts  when  much  diluted. 

Iron  salts  have  generally  no  local  destructive  action,  except  that, 
in  a  very  concentrated  ffu-m.  they  may  produce  inflammation  ;  but 
they  are  poisonous  if  injected  into  the  blood. 

The  mineral  acids  show  a  similar  gnuhition  of  locally  poisonous 
effects.  Concentrated,  they  are  all  powerful  corrosives,  dfstructives 
or  caustics.  In  the  case  of  sulphuric  acid  this  action  is  aided  by  its 
powerful  affinity  for  water. 

Nitric  acid  acts  in  a  very  simibir  manner  to  the  more  powerful 
metallic  nitrates.  Hydrochloric  acid  is  less  destructive  than  the 
Others.     In  a  more  dilute  form  they  produce  inllammation. 

The  stronger  organic  acids,  such  as  acetic,  lactic  and  oxalic,  have  a 
local  action  like  thai  of  the  mineral,  producing  corrosive  or  inflamma- 
tory actiiin  acciirding  to  their  degree  of  concentration. 

Explanation  of  Tissue-changes. — The  explanation  of  the  nbove- 
mentioned  facts  is  doubtless  that  the  salt  or  acid  produces  a  chemical 
reaction  with  the  albumen  of  the  tissue  elements.  The.se  are  either 
killed  outright  and  converted  into  dead  matter  which  the  body  throws 
off,  or  else  partially  killed,  so  tliat  their  fiinctions  are  interferred  with, 
their  chemical  composition  altered,  and  their  physical  resistance 
usually  much  lowiTcd. 

One  importiint  diflcrcnce  in  the  local  action  of  metallic  salts  depends 
upon  whether  they  form  a  soluhk*  or  insoluble  c(jn)pound  with  albu- 
men.     In  the  former  case  the  salt  is  easily  absorbed:  in  the  latter  the 
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tissues  are  hardened  and  a  certain  barrier  is  set  against  absorption. 
This  property  is  common  to  all  the  heavy  metals,  and  is  one  cause 
why  they  are  so  slowly  absorbed  from  the  digestive  canal. 

But  the  action  of  all  metallic  salts,  except  those  of  the  alkalies  in 
a  dilute  form,  is  essentially  necrotic.  The  result  is  either  absolute 
necrosis  or  the  condition  of  granular  parenchymatous  degeneration  of 
the  tissue-elements.  Whether  the  tissues  swell  or  contract  depends 
largely  upon  whether  they  are  freely  supplied  with  water.  Many 
salts  and  acids  withdraw  water  from  the  tissues,  and  hence  contract 
their  bulk. 

The  bloodvessels  may  be  primarily  or  secondarily  affected.  Pri- 
marily they,  more  especially  the  capillaries,  suffer  damage,  like  the 
tissue-elements ;  hence,  increased  permeability,  exudation,  emigration 
of  leucocytes,  etc.,  and  probably,  in  some  degree,  dilatation.  Few 
metallic  salts  possess  the  power  of  causing  contraction  of  the  vessels, 
not  even  those  which  we  regard  as  astringents,  except  salts  of  lead 
and  silver  (Brunton).  Secondarily  the  vessels  are  affected  by  the 
damage  done  to  the  tissues,  which  lowers  their  elasticity  and  hence 
affects  the  circulation  in  the  capillaries,  as  before  explained. 

Apparent  Exception. — When  corrosive  or  any  locally  destructive 
substances  are  applied  to  the  tissues  in  a  dilute  form,  the  above- 
mentioned  effects  will  seem  to  be  wanting,  or  even  the  opposite  to  be 
produced.  Dilute  solutions  of  metallic  salts  are  what  we  call  astrin- 
gents, so  that,  whether  the  action  is  corrosive,  irritant,  or  astringent, 
is  in  many  cases  only  a  question  of  degree.  Astringents  contract  the 
'bulk  of  the  tissue-elements,  harden  their  substance,  and  thus  increase 
the  resistance  of  the  tissues.  By  this  they  remove  congestion  in  the 
<»pillaries  and  thus  act  as  the  cure  of  inflammation.  Lead  and  silver 
salts  also  limit  the  supply  of  blood  by  contracting  the  vessels. 

These  facts  do  not  contradict  what  was  stated  above.  They  only 
show  what  happens  if  the  action  of  destructive  substances  be  carefully 

fraduated  so  that  no  actual  destruction  occurs.  Caustic  alkalies, 
owever  diluted,  never  act  as  astringents,  because  they  have  a  solvent, 
sot  a  hardening,  effect  on  the  tissues. 

The  action  of  metallic  astringents  on  the  tissues  is,  especially  in 
the  case  of  lead  and  silver  salts,  very  similar  to  that  of  cold. 

Absorption  of  Poisons. — The  poison,  or  other  chemical  substance, 
applied  to  an  external  or  internal  surface  of  the  body  may  be  gen- 
erally regarded  as  divided  into  two  portions.  One  is  left  on  the  sur- 
&ce  and  thrown  off,  the  other  absorbed.  Some  substances  are  scarcely, 
«r  not  at  all,  absorbed,  even  by  the  intestines.  A  few  only  are 
absorbed  by  the  skin.  But  if  absorbed,  by  whatever  channel,  they 
"^ill  in  the  end  be  taken  up  by  the  blood  and  carried  all  over  the  body. 

In  all  cases  the  powers  of  absorption  are  limited,  so  that  if  a  large 
portion  of  the  poison  be  applied  to  the  surface,  a  small  portion  of  it 
only  may  enter  the  circulation.  But  if  the  poison  be  completely  sol- 
uble, given  in  a  dilute  form  and  in  small  quantity,  the  whole  may  pass 
into  the  blood  and  none  be  left  on  the  surface  where  it  entered. 

The  amount  of  absorption  will  vary  indefinitely,  according  to  the 


294 


THE    CAUSES    OF    DISEASE. 


soliiltility   nf  tlie   ])oison  to  its  diffusive  powt^r^ — boilies   with  a 
atnnuc    uei<;!,iit    being    gcnernlly  less  absorbable     thnn    thmr  \l 
atomic  weight — and  so  on.     These  variations  need  not  here  W 
sidered. 

Secondary  Effects. — When  a  poison  hiis  once  eiitt'r».*<l  t!  ■ 
is  distrildited  to  the  Vill■iou^^  organs  and  tissues,  it  will   atit..: 
various  ways. 

A  large  part  of  the  effects  will  be  functional ;    that  is,  will 
upon  a  chemical  rt-action  between  the  poison  ami    the  tiasutM*! 
in  which  the  luttt-r   j)rc8erve  their  vitality.      For  in- 
antiniony  saltSj  by  their  aetion  on  the  nerve-centres,  ir 
local  action  on  tlie  stnmach,  will  cause  vomiting.      Aithmiic  11145 
duce  certain  kinds  of  paiiilyjiia,  and  lead  other  kinds,      ^lanv 
salts  affect  the  innervation  of  tlie  heart,  producing  cardiac  |»nl 
or  fatal   syncope.      Oxalic  acid  may.  under  different    cif 
affect   tlie  heart,  causing  fatal  collapse  and  syncope,  tlie   -  1.1 

causing  tetanic  syintitoms,  or  the  brain,  causing  coma.  < 
besides  other  symptoms,  may  produce  "dilatation  of  the  ,  .^ 
stupor,  coma,  tetanus,  or  paralysis,"  Mercurial  gaits  protiuee  saiin- 
tion  ;  and.  rarely,  sulphuric  acid  has  produced  the  same  svmptnv. 
Even  iron  salts  are  functional  poisons  if  introilut-ed  into  the  Mi«* 
These  iniftances  might  he  multipiied  iiidcfinilelv.  It  should  oulv  W 
renieiiibeied  that  tiierc  is  scniiething  s|teoific  in  the  action  of  oM 
p(iis<ns,  affecting  certain  tissues  es[tecia!!y,  others  other  tissues,  dotikt- 
less  in  consequence  of  their  different  chemical  compo^itiou.  But  ifit- 
erally,  sjdts  of  all  the  heavy  metals  have  a  poisonous  action  on  mti^ 
cles.  nerves,  nerve-centres,  and  glands  (Brunton). 

The  important  fioints  to  remeniher  in  connection  with  them  in; 
(1)  that  (hese  secondary  effects  of  the  jioison  are  the  same  hv  what 
channel  the  pnisun  is  absorbed,  whether  by  the  tnouth.  bv  inj 
into  the  veins,  or  oilierwise.  (2)  They  are  pro<lnce«l  by  direct  ronl 
of  the  poison  contained  in  the  blocd  wttii  die  affected  orpins,  the' 
other  possible  e\[ihmation — viz., that  of  reflex  action  from  tboimti 
mucous  nieniJinuie — ap[tlying  only  to  u  small  ])ropc 
toms.  i'-l)  The  ijuanlily  of  poison  in  contact  with  th*- 
must  be  comfiaratively  very  small,  since  the  amount  absfi- 
diliiteil  Avith  the  whole  mass  of  the  blood.  (4)  The  nervous  ^ '.'..- 
and  especially  the  nerve-centres,  appear  to  be  the  p«rt9  carlirt 
affecte  :.  because  they  consist  tif  the  most  sensitive  and  eosilt  J* 
turhed  ]jrotoplasm.  (;">)  If  the  dose  be  not  ttw*  large,  and  be  asm' 
pletely  eliminated,  the  symptoms  subside,  and  the  part^  affwwl 
appear,  in  non-fatal  cases,  to  be  left  in  an  uninjure*!  condition.  Tlri*, 
however,  is  a  cpiestion  of  degree,  as  will  be  obvious  H'om  what  irlll  I* 
said  presently. 

The  only  objection  to  this  generalization  is  that  alluded  tA  abort- 
namely,  that  large  «{uantities  of  irritant   poisons   introdne-  i 
stomach  give  a  shock  to  the  nerves  which  liy  reHex  action  ' 
nerve-centres  accounts   for  some  of  the  symptoms  of  ni 
turbance.     The  effect    is   similar   to   that  of  n   violent   >'' 
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igastrium  or  of  mi  eUn'tric  shock.     But  this  only  applies  to  very 

rge  (loses,  and  obviously  docs  not  ncronnt  for  tlie  effects  of  jjoisons 
Itioduced  into  the  1>iuod. 

Tisstie-changes  Produced  by  Absorbed  PoiBons. — If  the  dose  of 
poison  be  very  birire,  or  if  from  c<miiinietl  absor[)tioo  a  large  quantity 
be  circulatin'^  in  the  blood,  it  will  firoduce,  in  various  parts,  cliuufjes 
similiir  to  those  produced  by  direct  }i])plieiition  to  the  surface  of  absorp- 
tion. These  chanf^es  have  been  little  studied  except  in  certain  cases, 
but  are  probably  much  more  general  than  is  supposed. 

Sulphuric  acid  is  an  instance.  This  poison  absorbed  into  the  blood, 
even  in  tjuantity  insufficient  to  give  it  an  acid  reaction,  produces  fatty 
degeneration  nf  the  liver  and  striated  niuacles,  especialiy  the  heart. 
The  effects  on  the  kidneys,  by  which  the  acid  is  clittiiinated,  are  still 
more  marked.  I  have  seen  parenchymatims  degeneration  uf  the 
kidney  epitheliutn.  German  pathologists  have  described  this  in  many 
cases  and  also  comnienciug  interstitial  intlammation.  Phosphoric  acid 
produces  the  same  cliangea  ;  other  mineral  acids,  it  is  said,  in  a  leas 
marked  degree. 

Phosphorus-poisoning  leads  to  extreme  fatty  degeneration  of  the 
liver,  a  similar  condition  of  the  kidney  epitlielium,  and  also  of  the 
voluntary  muscles  and  heart, 

Iti  acute  arsenic-poisoning  there  is  fatty  degenemtion  of  the  liver, 
kidneys,  muscles,  ai:d  lieart.  In  protractc.'d!  cases  the  fat  disappears 
and  atrophy  of  the  epithelium  of  tlie  glandular  organs  i.s  observeil. 

Antimony,  in  chronic  poisoning  or  where  life  is  sustained  for  some 
days,  produces  fatly  degeneration  of  the  liver  :iud  kidneys  ;  in  fact, 
the  same  changes  as  in  the  mueou.s  membrane  of  thestomach.  It  ha.s 
also  been  shown  that  arsenic  and  antimony,  if  injecte<l  into  the  blood, 
are  excreted  partly  by  the  stomach  and  intestines,  and  sometimes  pro- 
duce in  them  irritative  lesions  like  those  set  u[i  by  the  primary 
applii-ntion. 

In  lead-poisoning  1  saw  in  one  rase  extreme  granular  parenchyma- 
tons  degeneration  of  the  renal  epithelium  without  any  interstitial 
inffummation,  and  was  therefore  inclined  to  attrilmte  the  kidney- 
inffauimation  to  some  other  cause  than  to  lead.  However,  MM. 
Charcot  and  Gomhault  have  shown  that  in  experimental  poisoning  of 
animals  by  lead  salts,  tlie  ej)itheli«m  of  the  kidtiey  is  first  affected 
with  granular  degeneration,  and  that  interstitial  inffamraation  occurs 
Hubseijuentiy.  The  common  result  (being  the  final  stage)  of  chronic 
lead-poisoning  is  interstitial  nephritis. 

Cantharides  is  a  poison  producing  intense  local  inilammntiotj  of  the 
skin,  starting  with  complete  necrosis  and  exfidiation  of  epidermis 
(blister).  When  absorbed  into  the  blood,  the  poison  is  eliminated  by 
t!ie  kidneys,  producing  inflammation  there.  It  has  also  been  shown 
by  Cornil  and  Ranvier  that  subcutaneous  injection  of  caulharidine 
produces  intlammatiou  of  the  trachea  and  air-passages.  In  these,  as 
well  as  in  the  kidrieys,  the  first  effect  of  tiie  poison  is  seen  in  swelling, 
with  granular  degeneration,  of  the  epithelial  structures,  accompanied 
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or  followed  by  inflamtnatory  hypereemia  from  injury  to  the  vessels  ut 
connective  tissues. 

All  salts  of  the  heavy  metals,  if  introduced  into  the  blood,  prodw 
similar  changes  in  the  kidneys  \^-hen  eliminated  through  them,tlwip 
in  various  degrees. 

These  examples  show  that  the  action  of  irritant  poisons  on  aO  tis» 
is  essentially  the  same,  though,  of  course,  weaker  where  dilated  lid 
blood  than  where  applied  in  a  concentrated  form. 

This  action  is,  broadly  speaking,  necrotic  or  destructive,  tbonglii  I 
may,  in  the  first  instance,  be  merely  a  disturbance  of  the  nntritm 
activity  of  the  cell,  as  distinguished  from  its  functional  activity.  Tli» ' 
for  example,  fatty  change  from  phosphorus  or   other  poisoning,  \m 
been  ascribed  to  impeded  oxidation  or  respiration  of  the  cell ;  bni  ik 
final  result  is  atrophy  or  necrosis. 

Neurotic  Poisons. — These  poisons  include  the  classes  distingni^ 
by  Taylor  as  cerebral,  spinal,  cerebro-spinal,  and  cerebro-cardiac. 

They  have,  for  the  most  part,  no  local  irritant  action  (though  in  at 
group,  the  narcotico-acrids,  this  action  is  not  wanting),  but  wka 
absorbed  produce  effects  which  are  most  marked  in  the  nerrw 
system. 

Speaking  broadly,  these  poisons  are  mostly  chemical  compoosi 
containing  niti'ogen,  and  might  be  arranged  in  a  series  of  increasiil 
complexity,  starting  from  hydrocyanic  acid,  HON,  as  the  lowest  ten 
of  the  series.  A  great  many  are  alkaloids  or  compound  ammwa 
bases.  The  only  important  group  of  narcotic  poisons  not  containi^ 
nitrogen,  includes  those  derived  from  the  alcohol  and  ether  series. 

These  poisons  arc  for  the  most  part  readily  absorbed  bv  the  stomsci. 
and  also  when  applied  to  other  mucous  surfaces,  or  injected  into  tk 
subcutaneous  cellular  tissue,  or  into  the  blood. 

The  changes  produced  at  the  part  where  the  poison  enters  the  bodj 
are  slight  or  unimportant ;  but  in  whatever  way  introduced  thev  eiert 
the  same  action  on  other  parts  of  the  body. 

This  action  is  seen  primarily  in  the  nervous  system.  Each  p".>is« 
seems  to  have  a  power  of  selection  by  which  it  affects  one  or  mon 
parts  of  this  system — the  brain,  the  medulla  oblongata,  the  spim! 
cord,  the  ganglionic  system,  or,  more  rarely,  the  peripheral  nerv? 
terminations. 

This  apparent  selective  power  must  essentially  consist  in  a  reactj]! 
between  the  poison  and  the  nervous  tissue,  and  therefore  depends  up* 
the  chemical  constitution  of  both  these  factors. 

According  to  these  variations,  neurotic  poisons  have  been  classifi«i 
— e.</.,  by  Taylor,  as  follows:  cerebral,  such  as  opium  and  its  alk* 
loids,  and  others,  which  affect  the  brain,  producing  stupor  and  comt 
generally  without  convulsions.  Spinal  poisons,  which  affect  the  spiM" 
cord,  producing  convulsions,  either  clonic  or  tetanic.  Strychnia  is 
the  chief  member  of  this  class.  Cerebro-spinal  poisons,  which  srt 
both  on  the  brain  and  the  spinal  cord,  producing  such  symptoms  «s 
delirium,  convulsions,  coma,  and  paralysis.     Instances  are  atropi*. 
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conin,  aconitia,  etc.  The  nerves  of  sensation  and  motion  may  also  be 
affected  by  these  poisons. 

Cardial'  or  cerAirn-nirdifw  poisons  are  those  whidi  affect  the  action 
of  tlie  tjeart.  This  effect  may  be  [irnduceil.  through  the  pneinnofiastriu 
nerve,  from  the  brain,  or  h\  affecting  the  intrinsic  cardiac  ganglia. 
Digitalis,  tohaccn.  Calabar  bean  belong  to  this  class  :  and  also  mus- 
carin.  Woonire  lias  au  action  special  to  itself,  paralyzing  tlu!  muscles 
by  affecting  the  terminations  of  the  motor  nerves  in  them. 

These  distinctions  rau.st  not  be  taken  too  absolutely,  since  different 
organisms  are  differently  aft'ected  by  the  same  poison  For  instance, 
opium  fre(]uently  causes  convnlsions  in  children,  though  rarely  in 
aduEts;  and  in  tlie  lower  animals,  where  the  cerebrum  is  little  developed, 
as  in  frogs,  the  chief  effect  of  the  opium  alkaloids  is  on  the  spinal  cord, 
producing  convulsions  or  tetanic  spasm. 

The  above  instances  are  enough  to  show  the  aetioti  of  neurotic 
poisons  on  the  nervous  .system,  it  remains  to  consider  whether  their 
action  is  limited  to  these  parts 

General  Action  of  Neurotic  Poisons. — The  fact  appeai-s  to  be  that 
the  nervous  tissues  are  first  and  chiefly  affected,  in  virtue  of  the  sus- 
ceptibility of  their  protoplasm,  but  that  if  death  be  not  produced,  and 
the  action  of  the  poison  be  intense  and  long  continued  enough,  other 
parts  are  ahso  affected. 

Tlie  next,  perhaps,  in  order  of  susceptibility  appear  to  be  the 
secreting  glands.  In  profound  opium-narcosis,  almost  all  the  secre- 
tions appear  to  be  arrested  ;  the  glands  being,  in  fact,  put  to  sleep. 
The  sweat-glands  form  an  exception,  t»eing  apparently  specially  affected 
by  the  condition  of  the  nervous  system.  Opium,  again,  has  been 
found  to  produce,  in  invertebrate  animals,  weakening  of  the  cuntracile 
tissue  and  conscijuent  paralysis  of  movement.  It  has  even  been  said 
that  opium  affects  the  contractile  movement  of  sensitive  plants,  but 
the  results  appear  to  be  amltiguous. 

From  these  antl  other  tacts  we  may  conclude  tentatively  tliat  the 
action  r>f  o[jiimi  (and  [irobably  other  neurotics  also)  is  one  affecting 
protoplasm  generally,  though  the  effect  on  other  than  the  nervous 
ti,*»sucs  is  so  slight  jis  to  fiass  unnoticed.  In  man  the  chief  effect  is 
on  the  bniin,  in  conseipiencc  of  the  great  development  of  timt  organ  ; 
in  the  lower  vertebrata  on  the  spinal  cord  and  ganglionic  system  ;  in 
the  invertebrata  on  the  tissues  generally.  Dr.  Lauder  Briinton  gives 
many  facts  showing  the  functional  effect  of  drugs  on  j)rotop]asni. 
Quinine  has  the  most  marked  effect  in  cheeking  the  protoplasmic  move- 
ments of  amcpbae,  and  similar  "  araopboid  "  movements  of  leucocytes. 

The  essential  point  is,  that  the  action  of  neurotics  is  fijnctional,  not 
affecting  I  he  structure  of  the  tissues.  On  tliis  basis  we  might  rather 
classify  poisons,  for  our  present  purpose,  as  (1)  tioHUf  povii>Ti»,  whicJi 
damage  or  destroy  the  structure  of  the  tissue-elements,  including  all 
the  corrosive  ami  so-called  irritant  substances;  {'2}  functional  poigons, 
which  disturb  the  function  of  elements  without  tlamaging  their  sub- 
stance, t.  e.,  neurotic  poisons  so-called.  IJut  as  the  greater  includes 
the  less,  the  firet  class  of  substances,  when  acting  feebly  or  in  a  small 


298 


THE    CAUSES    OF    DISEASE. 


dose,  will  jiroduce  functional  <listurbance.  But  the  csonveiwunl 
true,  even  the  most  intense  functional  disturbance,  if  IrwiAitonr,  ^ 

posslblo  witlKiut  linniagf  to  tlio  tissues. 

What  Poiions  do  not  Effect. — One  extremely  importnnt  xu-pim 
law  should  be  horrn.'  ui  mind.      1.  No  unor;;anized  ]<  !  '•'•r 

been  described,  is  cajiablf  of  dii-ectly  producing    th*.-  »    i^ 

fever.  The  temperature  of  the  body,  if  afTectecK  is  lowered,  amlwi 
be  lowered  in  an  extreme  degree.  The  few  exfeptions  to  ilisi  kt 
which  !ire  known,  serve  to  test  the  correi'tness  of  the  rule. 

Irrituiit  poisons,  a.«!  arsenic,  which  produce  local   infl.'in 
by  so  doing,  produce  fever  secondarily,  in  the  .same  wny  ..■ 
injuries.     This  is  not  a  direct  result  of  the  poison^  but  of  tbc  isll* 
niation. 

In  lead-poisoning,  when  violent  colic  ia  pio<luce<l,  the  tempefiira 
may  rise,  us  a  consequence  of  the  violent  nm-sciilar  eontrntiionJ.  U 
rare  ca.ses  of  fiifal  bclludoima-poisoning,  a  high  teiiipernture  luis  t»T3 
observed  ;  probably  from  the  action  of  the  poi((on  on  the  heat-cfucf 
in  the  brain. 

The  importance  of  this  fact  is,  that  it  distinguishes  the  unorj 
or  not  living,  poisons  from  the  living  poisons  which  cnuse  sih^  ili-.  •«- 
east's.      It  often  lu-lps  diagnosis,  and  may  be   broadly  regnrded  M » 
distinction  bt'twecn  pnisouing  nn<l  specific  infective  disease.' 

'2.  AnotliiT  law,  init)ortaiiit  in  the  same  respect,  is  that  tinur;^at]ri 
poisons  do  not  affect  the  ti.xsues  so  as  to  cause  overgrt>wth — tu«l  «. 
they  do  not  [troduce  tumors  or  inflammatory  new-growtlis,  at  lk» 
poisons  of  .syphilis,  tuberculosis,  etc.,  do  ;  their  action  being,  brm^ 
considered,  destructive  and  not  stimulating  to  life.  One  par«I:''  ■  ■  ' 
tioii  to  this  rule  is  seen  in  the  action  of  alkaline  hromidej*.  w)  ■ 
in  targe  (piantities  for  a  long  time,  on   the  skin.      The    '■  .-^ 

sometimes    consists  of  lumps  having  u   considerable    re^Mi  • 

iuHammatorv  new-growths,  but  differing  in  being  es.sentially  tran^iV'^ 

3.   Finally  a  most  important  law  of  poisoninj^  is;,  that  the  oi»u<iili>o 
is  not  transmissible  from  one  person  or  animal   to   another.  cJtcttil  a 
so  far  that  the  tissues  or  fluids  may  contain  a  certain    porti<" 
poison,  and  so  be.  in  a  limited  degree,  poisonous.      If  these  liir 
are  borne  iit  mind,  their  importance  Avill   be  seen    when    %»e  haw  » 
speak  of  other  specific  kinds  of  morbific  agent.s. 

1  Some  qualification  of  tbi»  law  hw  been  iniide  ncce«M»ry  Li}-  tli«^  ■••!«:,>vcri  «i  m.... 
poisonous  alkaloid*  or  ptomatneJi,  which  have  the  pro]>erfy  uf  proiluaijig  tt^m  MB 

bolowi. 
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FERMENTS  AND  ANJMAL  POISONS. 


It  wMl  be  necepsarj'  before  going  further,  to  defiiip  wliat  •we  mean 

a  ferment.  This  word  is  used  in  two  senses.  First,  for  a  living 
lunt,  .such  as  yeast,  whicL  sets  up  the  chuiige  called  fermentation  in 
"ertain  substances,  sueli  os  sugar.  The&e  liiHTiy  fcr/iti'tiis  \(e  put  aside 
for  the  present. 

Secondly.  Fermt-nts  in  the  physioiogieal  ur  chemical  sense — also 
cnlled  soluble  ferments  or  enzymes — are  certain  liighly  complex  and 
easily  decomposed  organic  substances,  which,  within  certain  limits  of 
temperature,  have  the  power  of  decomposing  comparatively  large 
quantities  of  other  organic  ^uhstances  in  such  a  way  as  lo  form  two  or 
mere  simpler  substances.  "The  sum  of  the  heats  of  comliu-ntion  of 
the  products  is  less  than  that  of  the  original  substance"  (Fliigge). 
This  amounts  to  saying  that  the  atoms  of  the  original  coin|)Ound  are 
not  ivnly  arranged  in  two  groups  instead  uf  one,  but  are  brouglit,  on 
the  whole,  nearer  to  one  another,  sn  that  less  energy  is  liberated  by 
br'^akiiig  them  up.  It  woidd  follow  from  tfiis  that  some  energy  is 
lilN-rnted  by  the  action  of  the  fi'nuent ;  an<l  the  usual  rise  of  tempera- 
line  during  fermentation  .sliows  that  this  is  the  case.  Generally  the 
elements  of  water  are  taken  up  in  the  reaction. 

So  fjir  as  is  yet  known,  these  substances  are  only  formed  by  living 
animals  and  plants.  In  the  higher  animals  they  are  often  the  jiroduct 
of  special  glands — for  instance,  pei»sin  of  the  gastric  glands,  ptyalin 
of  the  siilivary,  etc.,  but  some  are  also  found  iu  the  tissues.  In  the 
highef  plants  they  are  mostly  found  in  seeds  or  fruits,  f.  7.  emulsin 
in  the  idmonii,  diastase  in  barley,  etc.,  though  also  in  other  piirts. 
But  in  lower  orgaui.sms,  animal  or  veg -table,  they  appear  to  be  gener- 
ally distributed  through  their  substance. 

Physiologically,  ferments  are  very  iuipiuiaiit,  especially  iu  iitttntion, 
their  function  being  to  convert  food-stuifs  intosulistances  more  soluble, 
more  (Jiftusible,  ami  thus  ca|iable  of  being  absorbed;  e. //.,  conversion 
of  albumen  into  peptones.  Thus  in  see<ls  tlieir  function  is  to  convert 
the  albumen  into  substances  better  adapted  for  the  nourishment  of  the 
embryo.  Hut  in  the  aninial  body  many  other  nutritive  processes  are 
performed  under  the  inHuence  of  ferment*.  In  plants  generally  the 
number  and  variety  of  ferments  are  very  great,  «nd  the  action  of  many 
is  as  vet  (|uite  unknown. 

Seeing  that  ferments  arc  thus  strictly  a-ssociatcd  with  living 
organisms,  it  has  been  thought  that  the  action  of  living  ferments — 
yeast,  bacteria,  etc. — depends  upon  their  producing  soluble  ferments  ; 
but  this  is  not  yet  suJBeiently  established,  though  very  probable.     In 
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general  the  action  of  ferments  is  limited  to  one   chemical  retrti*.* 
may  be  extended  to  a  Himilar  reaction  on  allied   chemical  »nl»Ui>- 
vrhile  tlie  action  <if  living  organisms  is  more   complicated   an , 
various.     It  is  most  imfiorUiiit  Ut  remember  that   the  fernifiii 
increased  dmring  tlii'  ftrmentation,  but  remains  unchanged  in  «jatiiaj 
or  is  exhausted. 

Action  of  Ferments. — The  most  notable  point  in  tho  ictjr  '. 
ferments,  regarded  Jis  a  chemical  process,  is  that  a  very  finiAll  «|ti**ui 
serves  to  transform  a  very  hirge  <jnantity  of  the  substance  aeUdiya 
uud  this  witlioiit  apparent  elianoje  in  the  ferment. 

Thf  proportion  which  can  ho  thus  transformed  is,  howertr,  K 
quite  unlimited.  For  instance,  dinstitse  is  unable  to  change  mote  ii' 
two  thousand  times  its  own  weight  of  starch  into  glucose. 

Similar  reactions  have  been  in  many  cases  effected  by  other  cbcniei 
asrents.  For  instance,  starch  may  he  converted  into  glucose  by  o» 
tinucd  boiling  uidi  dilute  sulphuric  acid,  just  as  by  the  »ctii«  / 
diastase  ;  and  alUumen  may  he  peptonized  by  long;-coi»tJrm»Hl  Iwiilita 
with  water.  But  the  operation  is  slower  in  such  cases,  and  raja'tr 
relatively  large  quantities  of  the  reagents. 

Ferraent.s  act  within  a  certain  range  of  temperature,  and  th«inii> 
mum  effect  is  often  confined  within  very  narrow  limits,  Iyin|;  atot^ 
between  110'^  and  l.Vl"^  F.,  but  there  is  some  action  at  lower  ti-top^ 
atures.  The  action  of  most  is  stopped  by  a  teni[)eraturt»  of  l.*i"  l» 
170'^.  Solution,  or  at  least  moisture,  is  essential  to  their  actioD.  TV 
reaction  of  the  fluid  has  great  influence,  but  affects  different  fcjrnwii* 
differently.  Slight  excess  of  acid  is  favorable  to  the  action  ^f  $um, 
as  diastase  and  iuvertin.  Pepsin  acts  only  whrn,  aa  in  '* 
a  distinct  excess  of  acid  is  present.  But  the  action  of" 
emulsin — is  hindered  by  minute  quantities  of  ucirl.  and 

of  acid  is  always  injurious.      Even  n  slight  exces.s  of  alkul 

is  injurious  to  most  ferments.     Salts  of  the  very  heavy  metals,  ami  ill 
reagents   which    coagulate   albumen,   which    ohviou«ily    prevei  "    '^   " 
action.      Carbolic  acid  has  no  constant  effect,  but  .salicylic  arid 
the  action  of <liiu* ta.se.    The  various  substances  which  •!■ 
the  action  of  yeasts  and  other  microt'n'i^'anisms,  and  j><>: 
have  no  constant  effect,  sometimes  hindering,  sometimes  favor, 
several  ferments   are    present   in  llie   same   solution,    some   '.s  ,    • 
antagonistically  to  others,  but  this  is  not  constantly  so.    Pfpsm  ii,-.--- 
trypsin  iiud  ptyalin.  hut  has  no  action  on  diastase  (FIflgge). 

Composition  of  Ferments. — All  ferments  yet  known  contain  nii»- 
gen,  and  more  or  less  resoniblc  alluiniinous  substances.      Their  [>f^- 
centage  composition  has  been,  in  mriny  instances,  cstabli^hc*!.  >'ii'  f' 
nitional  formula  of  their  constitution  can  be  given.      It  is,  b 
certain   that  they  are  very  complex,  and  must  posiaess   a  vr; 
molecular  weight.     They   can   be   isolated   by  various    pnwr- 
most  important  part  of  which  is  extraction  with  water  o\ 
or  without  previous  precipitation  by  alcohol  or  other  r. 

Enumeration  of  Ferments. — Instances  nf  animal  ferments  are; 

Ptyalin,  the  ferment  of  the  saliva,  which  has  the   proj"-*"  ■  *"  '■'■ 
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verting  starch  iiito  glucose,  and  is  hence  called  timylolytic  ferment. 
The  amount  convertible  is  not  indefinite;  and  excess  of  sugar  inter- 
feres with  the  reaction.  Found  in  salivary  glands,  liver,  pancreas, 
and  other  pfij-ts. 

Pepsin. — The  active  principle  of  gastric  digestion,  which  converts 
albiinit'ii  into  peptones.  It  is  found  in  the  mucous  mcnihrane  of  the 
stoniacli  find  in  the  glands  of  IJriinner. 

Pancreatm,  or  Trypsin,  contained  in  the  pancreatin  secretion,  has 
the  same  iieptnniz.ing  property. 

Steapsin;  Fat-ferment  of  the  Pancreas. — A  substance,  not  per- 
fectly isolntcd,  which  emulsifies  fats,  mid  also  decomposes  thern  into 
fatty  acids  and  glycerine. 

AmylopBin,  a  diiistatic  ferment  of  the  pjincretu?,  converting  starch 
into  glucose  :   identical,  at  least  in  its  action,  with  plyalln. 

Inverting  ferments,  which  convert  cane  and  milk  sugar  (crystalline 
sugars)  into  !?ugars  of  the  glucose  class,  are  containeil  in  various  parts 
of  the  digestive  tract. 

Fibrin-forming  ferment  contained  in,  or  derived  fi-om,  the  leuco- 
cytes, which,  :icconiit)g  to  .'^cliniiilt,  determines  the  fonnatiou  of  fibrin 
ID  coagulation.  A  coagulative  fcnncJit  has  lately  been  isohitcfl  by 
Woolbridge,  wliicli  h:is  the  property  of  coaguhiting  blood  almost 
instantaneously. 

Rennet. — This  well-known  substance,  obtained  from  the  stomachs 
of  calves,  contains  a  ferment  called  Lab-ferinent  by  the  Germans, 
■which  has  the  property  of  "^  curdling"  milk  by  coagulating  its 
casein.  It  is  contained  in  the  gastric  juice,  especially  of  young 
anirniils. 

Vegetable  Ferments. — An  immense  number  of  ferments  are  formed 
by  plants.     We  need  tm\y  mention  here — 

Biastase  of  germtfiating  iiarley,  which  converts  the  starch  of  the 
grain  into  glucose  in  the  jirocess  of  malting.  It  is  iilso  found  in 
numerous  other  plants.    Evidently  similar  in  its  action  to  ptvalin,  etc. 

Emulsin  contained  in  the  bitter  almond,  which  sjdits  up  aiiiygdalin 
into  dextrose,  bitter  almond  oil,  and  hydrocyanic  acid, 

IVjitonizing  ferments  are  contained  in  some  plants.  The  most 
definite  is  papain  or  papayotin,  containeti  in  the  Oarica  papaya,  which 
resembles  the  simihir  pancreatic  ferment  in  peptonizing  albumens  in 
alkaline  solution.  Similar  ferments  are  produced  by  the  carnivorous 
plants,  such  as  ilrosera,  etc. 

Inverting'  Ferments,  which  convert  cane  sugar  and  and  lactose  into 
sugars  of  the  glucose  class,  are  proiluced  by  certain  fungi  (penicillium, 
aspergillus,  etc.),  but  have  not  been  found  in  the  higher  plants.  A 
ferment  is  also  obtained  from  certain  plants  which  has  the  power  of 
coagulating  ca."*ein.  like  rennet. 

It  thus  appears  that  plantj^  sunl  animals  alike  can  produce  the  most 
important  classes  of  ferments,  viz..  peptonizing,  diastatic  or  araylolytic, 
inverting  and  coaguhiting. 

The  lower  plants  such  as  yeasts,  moulds,  and  bacteria,  doul»tles8  pro- 
duce many  ferments,  some  resembling  in  their  action  those  produced 


302 


TlIK    CAUSES    OF    DISEASE. 


by  the  hiwber  plants  and  by  animals,  some  having  peculiar  %ibm 
but,  in  most  cases,  it  is  not  possible  to  isolate  tlie   fermeui*  fr»«2* 
organisms  producing  them.     Hence  we  canii<»t    spesiV:    "*"  ''■•ai^ 
from  the  orgsiiii.^nis. 

From  the  above-mentioned  facts,  a  very  important  j>;ini"t'>j:iQl'* 
may  be  detliiced,  namely,  that  plants  are  capable  of  jirtKlucing  1»^ 
whicli,  even  in  very  small  ({iiantities.  have  the  property  of  srtti^^ 
most  various  ami  potetit  decomposition::!  in  uuintakl  tissues  Fv^ 
these  deooinjtositions  are,  in  some  instances,  prcKluc«d  in  living  «* 
as  in  deiid  tissues. 

Ferments  as  Poisons. — It  would  almost  follow  from  the  abort ^> 
tliitt  the  introduction  of  a  ferment  produced  by  an  orgaQian  m 
anotber  organism  must  be  in  some  oases  injurious  ;  and  duabtla»6» 
is  so,  an<J  lience  some  fercneuts  act  as  poisons. 

But  it  is  not  always  so.     Physiological  ferments   derived  from  w 
animal  may  exert  their  natural  action  on  another  animal,  and  thu5»«R> 
the  pliV"^iological  processes  of  the  latter,  as  when    pepsin  f 
is  introduced  into  the  human  stomach.    Many  ferments  ai. 
if  introduced  into  a  foreign  organism.      But  there  arc  some 
this  class,  wbicli,  if  introduced  into  another  organism,   pro^J'-.. 
tinctly  injurious  or  poisonous  effects. 

Moreover,  ferments  which  are  beneficial  in  the  alimentarr  CWwlW 
acting  on  food  substances,  are  poisonous  when  introduced  inti>  6» 
bIoo<i  and  tlieii  made  to  act  on  living  tissues. 

Their  poisonous  effect  is  chiefly  that  of  tissue-poisons,  softauq^ 
dissolving  or  actually  destroying,  the  tissues.  In  some  case*  thifl 
cess  makes  the  tissues  more  amenable  to  the  action  of  another  clislf 
poisons,  namely,  microiirganisms. 

Snme  ferments  also  act  in  some  degree  as  functional  poi.'«ott»,  he 
probably  in  consequence  of  a  directly  injurious  oflTect  upon  the  ti»i«m^ 

It  sbouhl  be  rememhereil   that  even  peptones,  the  bcxlies   | 
by  ibe  action  i»f  digestive  ferments  on  albumens,  are  poisonoiu-     - 
injected  into  the  b!ot»d  of  dogs.     They  lower  the  arterial  pressors,  sal 
may  finally  produce  convulsions  and  death,  and   prevent  tlie  oo»gol» 
tion  of  the  blood. 

ANIM.'M.  POISONS. 

Certain  noxious  substances  produced  by  some  species  of  aniBlk 
usually  for  the  purpose  of  offence  or  defence,  are  spoken  of  as  animi 
poisons,  and  tliere   are  similar  substances  of  vegetable    •    '  IilA 

have  no  general  name.     Their  mode  of  action  is  different  :  .  «( 

chemical  poisons,  being  more  complex,  and  different  al.no  from  tin 
virus  of  a  specific  disease,  such  as  anthrax  or  hydrophobia,  TIrtir 
action  is,  however,  much  like  that  of  ferments,  and  hence  t}ii«t  9feea 
the  best  place  to  consider  them. 

The  best  known  of  such  substances  are  those  contained  m  lk» 
poisonous  secretions  of  cert^iin  animals  and  plants.  Soaki^ 
scorpions,  wasps,  bees,  and  other  poisonous  insects,  such  ms  caternilliB- 
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-nettles  or  acalephie,  and  other  lowly  marine  org!inisni.s,  also  cer- 
i  fishes  (e.  (/.,  the  sting-ray)  seerete  suhstntiecs  wbitli  luive  local  or 
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on  a  elietniciil  irritant  sucli  a»  im  acid,  tliimjili  this  may  account  for 
part  of  the  effect  produced,  but  huve  at  least  a  strong  analogy  to  the 
action  of  form  en  ts. 

The  poisons  of  stinging  plants,  such  as  nettles,  appear  to  be  anal- 
ogous in  their  constitution  and  action.  The  theory  of  ihc  genesis  of 
such  poi.sotis  must  be  that  the  organs  producing  them  have  heen  grad* 
ually  evolved  hy  n:ilural  selection  or  adnjitJitJon,  in  res.pon9e  to  the 
needs  of  the  organism,  serving  it  either  in  the  way  of  obtjiiuing  food 
or  in  self-defence. 

It  ihwii  not  follow  that  the  fact  of  these  substances  being  injurious 
or  poisonous  to  man,  is  a  neces-sary  factor  in  their  evolution.  This 
may  he,  so  to  speak,  accidental.  Hut  the  poisonous  property  appears 
to  he  always  in  some  way  u.seful  to  the  poi.sonou9  .species. 

It  should  be  noted  that,  in  the  best  known  cases,  the  substances  in 
question  are  not  poisonous  to  tJie  individual  or  even  the  species  pro- 
ducing thetu. 

It  is  from  this  jioint  of  view  that  we  can  best  e.vphiin  the  actii-n  of 
what  are  called  ittiimal  /xn'sons  and  some  vegetable  products 
resembling  them. 

Animal  and  Vegetable  Poisonous  Ferments. — The  poisons  derived 
from  animals  ami  pro<lucing  morbid  conditions  in  man  are  various 
in  their  nature. 

The  most  important  distinction  is  between  those  which  produce  poi- 
soning, and  those  which  produce  a  specific  di.sease. 

To  the  former  cUiss  belong  tliose  conveyed  by  the  bites  of  venom- 
ous snakes,  certain  insects,  etc. ;  to  the  latter  the  dispa.ses  of  hydro- 
phobia, glanders,  antlirax,  etc.,  which  will  be  consideretl  .subse- 
quently. 

Snake-bite, — A  poison  secreted  by  a  special  gland  is  injected  by  a 
wound  produceil  by  the  snake's  tooth  into  the  subcutiineoua  tissue,  or 
directly  into  a  bloodvessel. 

The  local  effect  of  the  poison  is  to  produce  inflammation,  with 
rapid  swelling  and  often  ecchyraosis,  which  spreads  for  a  certain  dis- 
tance from  the  wound.  There  is  often  partial  paralysis  of  the  part. 
The  poison  of  the  cobra  causes  inflanmiation  if  ajiplied  to  the  con- 
junct iva.  But  it  is  notable  that,  if  life  be  prolonged,  the  infiamma- 
tion  proper  subsides,  the  part  becomes  cool,  livid  in  a|)pearance,  and 
often  passes  into  gangrene  or  sloughing, 

'I'hese  facts  show  that  the  poison  is  an  irritant  and  also  has  necrotic 
properties,  destroying  the  vitality  of  the  tissues.  It  is  probably 
related  to  ptyalin  or  trypsin,  though  enormously  more  potent,  just  as 
the  ghtnd  secreting  it  is  the  representative  of  the  .>*alivary  glands  of 
other  animals,  and  must  he  regarded  a^  having  been  produced  by  evo- 
lution from  n  simple  secretion  of  the  same  kiiid. 

EfiTects  of  Absorption. — The  poison  will  be  most  rapidly  absorbed 
from  the  vvouml  if  a  bloodvessel    be  penetrated  ;   but  is  absorbed  also 
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from  serous  or  mucous  membranes,  such  as  the  conjnnctiTi.  i* 
stomach,  and  peritoneum,  and  by  the  respiratory  membiane  i 
applied  there. 

Passing  into  the  blood  it  affects  nerve-centres,  and  sometime  tit 
peripheral  nerves.  The  respiratory  centre  is  often  affected,  and  doa 
may  be  thus  caused.  The  contractility  of  the  muscular  fibres  ma 
also  be  affected  if  the  poison  be  brought  in  direct  contact  with  dM 
experimentally,  or  sometimes  also  through  the  blood. 

The  poison  also  acts  septically,  producing  at  a  later  period  sloogi- 
ing  and  hemorrhage  ( Fayrer). 

The  blood  is  found  fluid  after  death  from  viper-poison ;  but  tk 
effect  on  the  blood  of  cobra-poison  is  variable. 

These  results  show  that  snake-poison  has  the  proj)ertie8  both  d  i 
structural  and  a  functional  poison. 

The  active  principle  appears  to  be  an  albuminous  substance  vhid 
has  been  called  echidnine,  vipirine,  or  crotaline.  It  has  most  reo- 
blance  to  a  catalytic  ferment,  which  acts  in  almost  inconceivably  aul 
quantities. 

The  blood  of  poisoned  animals  is  poisonous  in  proportion  to  tk( 
amount  of  poison  contained  in  it.  There  is  no  evidence  that  the  p«- 
son  is  multiplied  or  increased  in  the  body. 

Insect  poisons. — The  poisonous  principles  conveyed  by  the  stinp 
of  wasps,  hornets,  bees,  etc.,  with  which  must  be  classed  those  of  otkir 
poisonous  articulata  such  as  scorpions  and  spiders,  resemble  H»«k^ 
poison  in  producing  inflammatory  local  effects.  They  may  also  pro- 
duce disturbances  of  the  nerve-centres,  such  as  paralysis,  etc.,  em- 
parable  to  those  of  snake-poison,  but  generally  much  less  intens*. 

The  poison  extracted  from  Cantharis  vesicatoria  is  an  instanc*  of 
an  irritant  which  produces  inflammation  in  any  surface  to  which  i:  i* 
applied,  and  has  tlie  same  effect  on  the  urinary  organs,  by  which  it  ii 
excreted  after  absorption,  but  does  not  notably  affect  the  nerroos 
system. 

Vegetable  Poisonous  Ferments. — There  are  a  few  substaofrf 
derived  from  plants  which  have  some  resemblance  to  animal  poisau 
in  their  mode  of  action. 

One  of  the  most  remarkable  is  that  of  the  jequiritv  (  Abruspm*- 
torius)  contained  in  the  well-known  scarlet,  black-spotted  seeil«. 

An  infusion  made  from  these  seeds  has  a  remarkable  power  'i 
exciting  inflammation,  a  few  drops  causing  severe  conjunctivitis  if 
applied  to  the  eye.  This  was  first  known  practically  by  being  u«(^ 
as  a  means  of  curing  trachoma  by  producing  acute  inflamroation. 
which  supplants  and  cures  the  chronic  affection.  If  applied  ex}*n- 
mentally  to  the  eyes  of  rabbits  it  produces  not  only  inflammation  of 
those  parts,  but  also  of  the  subcutaneous  tissue  oV  the  face.  neck, 
chest,  and  abdomen,  wliile  tlie  pericardium,  pleuni,  lungs  and  peri- 
toneum arc  found  mucli  inflamed  and  filled  with  a  large  quantitv  >i 
exudation,  and  the  animals  generally  die  (  Klein). 

Since  such  infusions,  if  exposed  to  the  air,  contain  large  numbeis 
of  a  bacillus  identical  with   the  hay  bacillus  (  B.  subtilis)  it  i«* 
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thoiight  by  Sattler,  the  first  investigator  of  tlie  suhjcct,  that  the 
inrtainniiitnry  jiroperties  were  ilue  to  these  organisms.  But  tliis  has 
bfi-n  conclusively  disproved  by  Klein,  Warden,  Waddell,  and  others, 
vlio  have  sibown  tliat  the  poisonous  property  is  coutaired  in   infusions 


prt'pai 
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IV  as  to  contain    no  or^;jnisnis.  and  thai,  even 


■«ht«n  thi'  infusions  are  swarmin;;  with  bacilSi,  tfie  poisonous  property 
is  rornplflely  destroyed  Ijy  boiling  for  a  minute  or  less;  though  such 
boiling  is  known  not  to  destroy  the  vitality  of  the  spores  of  the 
bacilli. 

The  conclusion  is,  that  the  poisonous  property  depends  upon  some 
principle  in  the  infusinn,  the  activity  of  which  is  destroyed  by  boil- 
ing; in  this  ivseiidiliiig  several  other  ferments. 

Such  a  principle  has  been  isnlated.  and  has  reociveil  the  name  ot 
^hritL  It  is  u  stihiblc  albuminous  ferment  and  Ims  been  found  iu 
otiicr  parts  of  the  plant,  as  well  as  in  the  seeds. 

These  researches  are  of  great  importance  in  pathology,  as  showing 
that  we  have  a  substance  of  vegetable  origin  which  produces  itiflamraa- 
tion  not  merely  in  the  matter  of  clieuiiciil  irritants,  by  chemical  com- 
bination, hut  by  setting  up  a  change  in  the  tissues  comparable  to  the 
changes  caused  by  the  .so-called  physiological  ferments;  that  is  to  say, 
a  very  small  (juantity  of  the  substance  produces  a  relatively  very 
large  amount  of  change.  By  this  process  the  tissues  are  prepared  for 
the  action  of  the  organisms  which  ]iroducc  sufipuration,  viz.,  certain 
tuicrococc) :  anil  the  resiiltltig  iiiihiuuiiatinn  must  be  regarded  as  the 
coiul/uicd  effect  of  the  ferment  ami  the  microwicci. 

I'apaln,  a  vegetable  peptonizing;  fermeut  referred  to  above,  when 
injected  into  the  blood  favors  the  development  of  micrococci.  In 
larger  quantity  it  paralyzes  the  heart. 

Whether  the  poisons  uf  nettles  ami  such-like  stinging  plants  are  of 
the  snme  kiml  is  uncertain,  hut  proliably  they  are  different. 

The  important  thing  to  note  is  that  the  poi.sonons  vegetable 
ferments  are  ihxup-poiion«,  ])r<iducing  necrosis  or  disintegration  of 
the  tissue-elements,  and  are  thus  comparable  in  their  effects  to 
jKiwerful  chemical  poisons  and  to  physical  agents.  Thus  we  can 
understand  how  it  is  that  the  lower  plants,  fungi,  and  bacteria 
can  generate  substances  which  are  uot  only  fnuctioiial  poisons,  but 
cause  tissue-changes  such  as  those  mentioned  above. 
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CHAPTER   XXXII. 

i^iEPTIC  AND  ('A1>AVERIC  POISONING. 

It  is  well  known  that  ilt-ad  and  ]iutretying  animal    matter*  it- 
jurious.  and  even  poisonous,  to  the  living;  but  it  Las  only  Ur.  1 
found  possiblf  to  isntutc  and  doleimine  iJie  chemical  character  of  ui 
of  the  siil»st!inces  wliidi  prndiicf  these  effects. 

The  most  cunveiiieiit  iiiethoil  wil!.  thereforo,  be — -firFt  to  ^TtX  «.' 
the  general:  efl'ect.s  produced  by  putrid  umtters,  aii<l  tlien  to  ukbIi* 
those  constituents  of  them,  actually  known,  to  which  tfae^ie  rf?ali»i» 
attributable. 

Cadareric   Poisoning — Dead  bodies,  eitlior    of  med    or  nniTOk 
often  contniii  some  jioison.  or  poisons,  extremely    deletfv 
some  cases  fiitnl,  to  living  persons.     This  pernicious  effoi  ^ 

lalion  to  the  disease  which  vany  have  been  the  cause  of  (ic4tli,iil 
must  be  due  either  (1)  to  some  substance  produced  in  the  proowrf 
putrefaction,  or  (2)  to  some  orrfanisins  eontaine*!  in  the  demd  wa» 
and  concerned  in  tlie  process  of  putrefaction. 

Speaking  broudly.  the  first  will  give  rise  to  cadaveric  fMJ^m^ 
the  second  to  some  disease  which  may  be  Ciilled  pt/^nnia  or  s^pticgm*. 

There  are,  however,  abundant  facts  to  show  that  the  first  rxpLuk' 
tion  is  the  only  possible  one  in  certain  cases.  The  considers  tide  # 
the  secoinl  class  of  cases  will  be  deferred  for  the  present. 

Sudden  and  fatal  poisoning  sometimes  occurs^  in  porAODd  inhaSit 
the  air  of  tnmbs  or  charnel-houses,  or  the  volatile  substanrc- 
off  when  coffins  are  suddenly  opened.  Terribly  8ud«lcn  deaih- 
this  cause  are  occasionally  reported,  and.  though  rare,  these  ««• 
have  great  pathological  importance.  .Such  events  liave  doubtless  cnvft 
rise  to  the  stories  in  old  times  of  plague,  or  .similar  (iiseasee«  staitiif 
from  the  opening  of  some  long-closed  sepulchre.  But  the  STtoptsM 
are  distinctly  those  of  poisoning,  not  of  an  infective  disease:.  Tk«l 
are  again  quite  distinct  from  the  symptoms  of  poisoning  by  carboU 

I  acid,  sulphuretted  hydrogen,  or  any  similar  inorganic  gaa. 

It  is  very  likely  that  some  of  the  well-established  cases  of  nujlkt 
or  verv  rapid  death  by  breathing  in  emanationw  from  plaguoor  '  :' 
patients  in  crowded  foci  of  disease   have  been   really  oaees  o*    . 
poisoning,  and  not  of  death  from  the  infective  disease.' 

'  Tlie  wfU-known  stun'. rotated  by  an  oyc-wilneRS  (BorcHocio).  w 
At  the  rag*  of  n  mitn  who  tin*)  Hie<t  of  :>  pL)igii)>  in  llio  »tr«et«  of  t 
gT«iit  epidtuuic  nf  134H.  A'lien  the  ttniliml^  fell  (i>iw)i  itl  corivitleioii 
prolwbly  to  be  thus  explttiued.  A  romarknbic  in9luiKX>  of  fat«l  . 
fi«;urr«Ml  lit  Nortli  1'i»t  in  IiJhJ.  Tl»c  colTm  of  «  (lersiiii  iIcjmI  i»ev«r»l  dnva  " 
i>|>«iie<l  f<ir  fKi^t-triortem  exutiiinuliuti,  witea  tl  burst  lYom  the  prc^durv  of  c*'' 
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In  n  more  ililuto  foiin  the  same  poidoii  or  poisona  give  rise  to  the 
rell-ktJoivTi  injurious  effects  of  the  etaanationa  from  gruveyards  iti 
ities  and  vaults  under  churclies.  In  the  report  ou  Metropolitiin 
raveyunls  published  in  18ri0,  evidence  was  liiven  of  serious,  and 
ireii  lutal,  aifections  thus  originated.  Dr.  Waller  Lewis  examined 
air  of  vatilts  and  coffins  in  numerous  cases,  and  found  it  to  con- 
st of  **■  nitrogen  tind  carbonic  iieid  gases,  holding  putrescent  animal 
matter  in  suspension."  Ammonia  was  sometimes  found,  but  sul- 
phurette<l  hydrogen,  or  otlier  compound  gases  containing  hydrogen, 
never.  The  svuiptoms  }troduce<l  were  faintness,  syncope,  vomiting, 
sonietinies  coma  ;  often  followed  by  diarrlia'a  and  extreme  prostration. 
Since  the  syroptomi*  produced  were  clearly  not  those  of  carbonic  acid 
poisoning  aloia",  they  must  he  attributed  to  some  animal  j)oison  pro- 
ceeding from  the  dead  bodies. 

Fecal  Poiaoning. — It  is  a  well-established  fact  that  gaseous  ema- 
mitions  from  decompt>sing  fecal  matters,  r.ff.  sewer  gas,  give  rise  to  a 
distiiK't  form  of  poisoning,  different  from  any  specific  disease  which 
may  he  conveyed  by  the  snme  channel.  It  is  also  well  established 
that  lecetit  fecal  matters  do  not  produce  the  same  symptoms. 

In  these  ciLses  the  effects  may  be  partly  due  to  sulphuretted 
hydrogen,  ammonium  sulphide,  or  other  chemical  poisons  givpu  ofl  in 
putrefaction,  but  cannot  be  wholly  thus  explained  ;  and  we  must  sup- 
pose that,  as  in  the  case  of  cadaveric  poisoning,  a  volatile  animal 
poison  is  often  present  in  sewer  gac-^es.' 

It  is  unnecessary  to  give  more  instances  of  illness  resulting  from  this 
cause,  but  a  word  must  be  said  abmit  the  relation  of  these  facts  to  the 
transmission  of  specific  infective  jxiisons  by  sewer  gas. 

There  can  be  no  doubt  that  some  such  diseases,  e.  </,,  typhoid  fever, 
diphtlicritt,  etc.,  are  at  least  favored  by  the  presence  in  inspired  air 
of  these  products  of  decotn position.  Whetlier  the  actual  poi-sons  pro- 
ducing these  diseases  are  present  in  sewer  emauations  is  another 
i[uestiou  vvliicb  will  lie  sfioken  of  hereafter. 

Decomposition-products  in  the  Living  Body. — When  a  part  of  the 
living  body  is  undergoing  decomposition,  like  tbat  of  dead  bodies, 
poisons  similar  to,  though  probably  not  identical  with,  tho.se  generated 
in  dend  bodies,  are  produced ;  an<l  being,  obviously,  placed  in  condi- 
tions very  tiivorable  for  ahsoi-ption.  may  pms  into  the  body  and  give 
rise  to  .syinploins  of  poisoning.  This  is  seen  in  ordinary  gangrene, 
saucb  ji.s  that  <(f  a  limb.     The  animal  organism  is,  indeed,  so  con- 

Oiie  of  the  tloftors  present  fniniiMl,  \vii»  mn-oiisfious  for  wino  lime,  iiuiJ  tiUiiniilely  died  ; 
»ni>flier  wiis  nerioiisly  ill  I  Brit  Mwi.  .loiirnal,  .\firil  12,  lHS-1).  In  184]  twi>  men  wuro 
killed  in  .^Mi.'att'  olain-hyanl  In'  nnxioiirt  Hllliiviu  frutti  a  gmve.  Siiiular  Rci'itlenU  have 
orcurri'il  iu  iho  removal  of  ilciul  lioiliws  from  o««rae(<«riea  in  Puris. 

'  Tlie  fiillnwifig  ia  an  iTistanw.  Twenty -two  boys  in  a  mjIihoI  ueiir  Lrt^nilcin  were 
8ei«twl  in  the  oourwo  of  three  or  four  lioui>  with  lilanning  sympiunis  of  irritjiiion  in  the 
»tr>muc-h  unrl  Ixiwels,  jposius  of  th*!  mtisclfrts  of  the  nrius,  nn<l  esecssive  pm^nilion  of 
atrPDgih.  Two  of  them  (lii*fl  in  about  twentj'-lour  hours.  It  wiu  found  that  twu  tlnys 
befi>re  the  nttiK'k  the  citntenl^  of  a  foul  ce««pool  hrtd  l)een  spread  uver  the  gmund  near 
the  school  (Tiiyior'*  Modical  Jun6|iniflend»',  ii.  12-1). 
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struetcil  tliut,  as  already  bIiowtj,  inflammntion  is  set  up,  ivItifK  f-nv 
a  barrier  to  prevent  the  absorption  of  the  poison  from  tbf-  gwi^:- 1  ■ 
part.  But  if  this  be  insufficient,  symptoms  of  poi^ming,  jl.l^'.^. 
fatal,  occur. 

The  conditions  are  more  dangerous  in  the  cajw  of  an  irnvts 
wound  communicating  witli  the  air,  when  t)ie  tissues  alMU.'!;.  z-  ;  t 
said.     Here,  through   the  absence  of  a  distinct   line  of  i 

between  the  dea<l  ju^d  the  living  parts,  nbsurption  is  m«>if  t-.i-.  ud 
the  danger  of  poisoning  greater. 

There  is  a  still  greater  chance  of  ab-^orption  if  the  neci-otic  [anU 
quite  internal,  as  in  the  ciise  of  a  gangrenous  ptirtion  ot'  iutatiutt* 
lung.  But  even  in  such  a  case  the  dead  pari  may  be  throwm  off  iti 
puisouiiig  prevented. 

Instances  of  these  conditions  are  found  chiefly  in  surreal  pmctM. 
such  as  tnvumatic  or  hospitiil  gangrene,  urinary  Jnfilf  -rj"aii;.T- 

lated  hernia,  etc.  ;  hut  the  effects  are  the  same  when  n  •  caiswl 

by  a  general  disease,  such  as  typhoid  fever,  mefisles^  (.<«.,  »r  bv  ui» 
rial  obstruction. 

The  5yniptoms  in  all  these  cases  are  not  the  satue,  Imt  have  eert» 
features  in  common,  e.  ;^.,  depression,  failure  of  the  heart,  coilapfv: 
often  diarrhoea  and  vomiting;  which  arc  fre<juenllv.  but  in>t  c^- 
stunllv,  accompanied  by  fever  and  rigors.  This  ^r<mp  of  BvmpfcM* 
is  somelimes  called  septictemia,  septic  poisoning,  or  )>iitri(l  tufccmt. 
The  first-mentioned  tiaiiic  has  become  ainltiguou,<*,  heiiiU  used  on  tb( 
Continent  generally  for  certain  specific  iiifectioua  diseases:  aod  tkt 
terra  infection  carries  with  it  a  similar  ambiguity,  hence  it  is  bctlH  M 
say  simply  .septic  poisoning.  This  iw  rather  a  eonrlition  of  the  l>Jt 
than  a  disease.  Clinically  it  is  rarely  seen  in  an  iincotn]>licau>d  font 
being  generally  com [iliciitcd  cither  with  the  diseiise  which  has  In!  U 
it.  or  with  some  special  infective  disea.se  or  diseases,  such  08  vxtrtut 
or  septictemia  in  the  limiteii  sense.  That,  however,  it  is  cau»oil  b» 
tissues  in  a  putrid  state  is  sIiowti  by  the  following  consideration 
among  others : 

Septic  matters,  introduced  exjierimentally  into  animals,  prtxlw* 
conditions,  often  fiual,  which  resemble,  in  miiny  respects,  septir  pT 
soning  in  man. 

The  conditions  which  favor  or  hinder  septic  poi.s(inini'  suppiv  -..  ,.i. 
arguments  in  the  same  direction. 

Septic  poisotiiug  \i  favored  by  : 

1.  An  uiihealtliy  state  of  the  body  generally,  which  predismoe*  i* 
decay. 

2.  Retention  of  the  putrid  products,  as  in  a  wouml   imiM-rf;'. 
druined. 

H.  Entnincc  of  nmlters  from   outside  which  set    ui.    wmn-iaiinr 
processes. 
4.  Any  c<»ndition.s  which  favor  absorption. 
It  is  hlndircd  by  : 

1.  A  vigorous,  healthy  .*tate  of  the  body. 

2.  Removal  of  putrid  products,  as   by  the  cutting    .m*    o**  ..t.-i.^i. 
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3ues,  or  free  drama(/e,  which  is  so  notable  n  feature  of  modem 
irgery. 

'i.  Preventing  the  entrance  of  matters  which  set  u\i  putrefaction,  aa 
jy  very  scrupulous  cleanliness  and  hy  (inliHeptir  methods  of  surgery, 
which  represent  clemulijiess  curried  to  the  precision  of  a  chemical 
experiment. 

4.  Conditions  which  hinder  absorption,  sudi  as  limiting  inHamraa- 
tion  of  gangrene,  and  heakhv  gnuHiIatinns  in  a  wound. 

It  is  also  impctrtunt  to  observe  that  septic  products,  like  those  of 
cadavLMic  am)  fecal  putrefartion,  appear  tti  favor  the  oc^'urrence  of 
certain  specific  diseases.  The  effect  of  septic  matters  in  favoring,  and 
antiseptic  methods  in  preventing,  the  diseases  of  the  puerperal  state 
is  a  conspicuous  instance  of  this. 

The  three  conditions  now  described — viz..  cadaveric,  fecfil,  and 
Septic  poisoning — have  evidently  nniny  features  in  common,  though 
the  symptoms  vary,  according  to  the  kind  of  poison,  and  according  to 
the  dose. 

The  points  of  agreement  are : 

1.  The  similnrjty  of  cause. 

2.  The  similarity  of  the  poisonous  substances  in  so  far  as  they  are 
known  in  tlie  respective  cases. 

Causes  of  Cadaveric,  Fecal,  and  Septic  Decomposition  generally. 
— Putrefaction  of  animal  substances  is  always  associated  with  tfie 
presence  of  microorganisms,  viz.,  bacteria;  and  the  chemical  changes 
which  constitute  the  process  result  from  the  vital  activity  of  these 
organisms. 

This  law  hns  been  establisheil  by  a  long  series  of  researches,  and  is 
confirmeil  by  the  thousandfold  e.xperience  of  daily  life  in  preserving 
articles  of  food. 

Putrefaction  of  these  substances  is,  in  our  experience,  only  pre- 
vented either  by  preventing  the  access  of  bacteria  or  by  destroying 
them  when  present  hy  heat  or  chemical  means,  or  by.  conditions  wLicli 
prevent  their  growth,  of  whicli  the  chief  are  extreme  cold  or  extrenie 
tlryrtess. 

The  same  is  true  of  dead  portiitns  of  the  human  hoily.  But  it  can- 
not be  too  strongly  insisteil  upon  that  we  are  now  speaking  of  disease. 
Diseji-sf  is  a  condition  of  the  living  body  ;  but  putrefaction  cannot 
occur  in  the  living  body  as  a  whole,  nor  in  any  part  «)f  it,  unless  that 
part  be  ulready  virtually  dead, 

The  bacteria  wliieli  {>rii<lace  these  changes  may  be  recognized  partly 
by  their  forui,  [lartly  by  their  effect^s. 

It  is  not  these  which  constitute  the  poison  in  the  conditions  here 
considereii.  The  jioison  or  poisons  are  the  chemical  products  resulting 
from  decomposition. 

Numerous  experiments  have  been  made  on  the  properties  of  tliese 
substances,  taken  collectively  under  the  name  of  septic  matters:  liut 
only  recently  have  certain  substances  been  isolated  which  aretoutid  to 
possess  in  a  high  ilegree  the  poisonous  properties  recognize<l  as  belong- 
ing to  septic  matters  generally. 


310 


THE   CAUSES    OF    DISEASE. 


Chemical  Products  of  Decomposition. — In  the  putrt-f-ici.vt  'it-  ^ 
position  of"  animal  UKitti-rs,  a  \iii<l  number  ot*  chemiciil  !«ul»:*taiiit« » 
produced.  Those  which  have  been  distinguished  and  isolated  marW 
broadly  arranged  in  two  groups. 

1,  Volatile  products. 

'2.   Isiiliddt'  fixwl  [irodiicts. 

Volatile  Products  of  Decomposition. — These  are,  for  the  moft  \Kr. 
distinguished  by  a  fetid  ndi>r ;  and  this  property  must  not  b«refiri4 
as  altogether  accidont^d  in  relation  to  the  life  of  man.  It  is  »  wanof 
to  U8  that  putrid  matters  are  pernicious;  or,  conversely,  it  mavb<-w^ 
that  the  property  nf  tlie  human  organism  which  causes  us  to  rr-pA 
these  matters  with  Siorror  au<l  disgust,  is  an  instinct  of  &elf-pre»<n» 
tion,  produced  by  evolution,  like  otlier  defensive  instincts,  befiiwHJ 
rational  account  eould  be  given  of  it,  and  hits  been  an  important  Ckst 
in  the  continuance  of  the  human  race. 

Most  species  of  animals,  except  those  which  undertake  the  t*4<f 
scavengers,  possess  similar  instincts. 

The  putrefactive  decomposition  or  fermentation  is  priinnrilv  »»?fe 
ting  up  of  albuminates,  which  are  first  converteii  into  prj»ln»«- 
Gelatine,  and  substances  convertible  into  it.  are  also  isplit  ap,  ajulil* 
the  nitrogenous  bodies,  such  as  leuciu*  tyrosin,  iudol,  vhicb  t»r»  -• 
products  of  decomposition  of  proteids. 

Albuminates  appear  to  split  up  into  nitrogenous  bodies  of  lii-  '■■-  ■ 
and  aromatic  series,  sulpho-acids,  etc.     These,  again,  are  split  up  vA 
simpler   compounds   of   the    same   series,   with    nitrogen.   COp  i*! 
hydrogen. 

These  decompositions,  which  tend  to  gradually  increasing  niiopM* 
tion,  may  take  place  successively  or  simultaneously,  and  hence  mitT 
stages  of  decomposition  uiuy  be  present  at  once  in  a  put  rely  i  n  j!  ?ai» 
stance.  Tlim*  the  number  of  chemical  boilie^  produe«^d  is  very  \ufit- 
and  the  processes  are  so  coin])licated  that  only  m  few  can  herepresfiCM^ 
in  the  fnnn  nf  ii  definite  equation,  and  even  these  ilo  not  neoenui^ 
e.xpress  the  final  result. 

Among  the  known  proilucta  of  putrefaction  of  albuuiuoas  wk" 
stances  are : 

Hydrogen,  nitrogen,  COj,  HjS,  PM,.  CH^,  formic.  acoHc.  hnmit 
valmanie,  palmitic  aci<ls  ;  acrylic  and  crotonic  acids: 
and  valero- lactic  acids;  oxalic  and  succinic  acids;    b 
glutamic  acid,  as[iartic  acid  (the  two  latter  with  leuciu  arc  formed  tis 
by  boiling  protcid  substances  with  dilute  sulphuric  acid):  amauiiiL 
nuimonium  carbonate,  and  amtnouiuui  sulphide. 

We  find,  further,  numerous  amine  bases,  as  propyljunin*- 
thylamine,  etc.  The  latter  has  a  strong  fisliy  smell  ;"  if  i<  • 
heniug-brine,  and  in  many  plants  and  animal  lis^«ucs,  . 

result  of  decomposition.     Another  group  contains   in  : .,., 

gkatol-carbonic  acid,  bodies  of  offensive  odor  eontttined  in  fe 
obtainable  from  proteids  by  action  of  alkalies.     Anr' 
duct  is  tyrosine,  with  many  ilerivatives  tliereof.  r 

>matic  series.     Tyrosine  is  obtained  from  most  prot*^iU  »ui  - 
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>y  boiling  with  sulphuric  ;»cid,  und  also  by  tlie  action  of  the  pancreatic 
ferment.  Finally,  a  nunihei'  of  fixeil  nikalimlnl  bases  calletl  jitoinaines 
are  coiistjintly  produceil. 

It  will  be  seen  that  most  of  tlie  above-mentioned  substniices  Cjin  be 
produced,  directly,  or  indirectly,  by  the  cLetnicii]  decomposition  of 
proteids  itj  the  biboratnry.  Sotnc  ^f  them  account  for  the  fetor  of 
putrefactive  products,  and  others  [lartiy  for  tlie  poisonous  effects  of  the 
gaaeous  emanutions.  The  most  distinctly  poisonous  are,  however,  the 
ptomaines,  whicli  must  bf  further  considered. 

Ptomaines  or  Cadaveric  Alkaloids. — These  are  alkaloidal  bases, 
closely  resembling,  and  in  one  or  two  instances  identical  with,  vege- 
table alkaloids.  Attention  was  first  drawn  to  their  occurrence  in 
putrefying  bodies  as  likely  to  lead  to  fallacies  in  the  detection  of 
vegetable  poisons  in  post-mortem  chemical  analysis,  but  they  have 
now  a  mucli  greater  importance;  first  as  the  result  of  the  action  of 
bact<;riu  on  proteids  ;  and  then  hecuuse  many  of  them  have  poisonous 
ppiperties,  which  resemble  those  of  vegetable  neurotic  poisons,  and 
thus  e.xpliiin  many  of  the  symptoms  [jrodueed  in  septic  poisoning.' 

The  most  complete  investigations  have  been  made  by  Brieger,  who 
has  isolated  a  nu  uber  of  alkaloids  from  decomposing  fibrin,  meat,  fish, 
cheese,  gelatine,  yeast,  and  putrid  corpses.  Others  have  been  obtained 
fi'ora  the  matters  in  which  bacteria  were  artificially  cultivated. 

Among  the  non-poisonous  or  slightly  poisonous  are  : 

Neuridine  {(\\\^^.^.  a  diamine  dtr(HU[iosing  into  dimethylamiue 
and  triinethylatiiinc.  It  is  widely  distributed.  foun<l  in  putrid  meats, 
cheese,  and  gelatiui'.  und  in  the  dead  hunmn  body  after  the  third  day. 

Cadaverine  (CjIIi^Nj)  has  an  odor  resendjling  that  of  coniine.  It 
is  found  in  tlie  dead  body  after  tlie  fourth  day,  but  especially  from  the 
tenth  to  the  twelfth. 

S'tprint\  isomeric  with  this,  and  putngrm  (^-'(HjjNj)  are  found 
under  the  Sfime  circumstances. 

(Jholine  {(_\HjjNO.j),  a  compound  ammonia  base  having  three  atoms, 
H,  replaced  by  methyl  (CHjJand  one  by  o.xethyl  ((J^H,*)).  which  is 
one  of  the  constituents  of  lecithin,  is  found  in  the  fii-st  few  days  of 
putrefaction,  probably  arising  from  decomimsition  of  lecithin,  and  is 
then  itself  decomposed,  yielding  tri-  and  dimethylnmhie,  and 
triethylauiine.  This  bsise  has  in  a  feeble  degree  the  poisonous  action 
of  neurin  and  musearin. 

Among  the  poisonous  bases  which  Brieger  has  proposed  to  call  by 
the  general  name  of  toxineg,  are  : 

Ncurine  (C„IIjjNO),   obtained   from   meat  after  five  or  six   days 

'  It  liHil  lung  been  known  thai  [Kii^uinHiji  «uli.'<t:iii<^'s,  probably  alkuloidul.  were  coa- 
taiued  in  putrid  inutleni,  and  a  IaxIv  named  Kfiitiit  was  i3«)liitod  by  Benrniiirin  iiad 
Schmi«wl<*lN!rg,  and  r><uijd  to  I.hj  i>oi*<inou»,  but  tbis  whs  pr"bBbly  not  a  puro  «ulj*tanoc. 
Belini  intmiiii<>>d  the  uunic  pLuiiiuiuus  {irrb>/4'i  =^  ii  corjHi*")  lor  alkaloi<li<  f.juud  by  him 
in  tln*dea<l  ("xly.  Xencki  first  isolated  and  determined  the  cims'titution  of  u  bitae  of 
thi*  clttji*  obtiiined  from  putrid  celivtine.  It  is  igoiiii'rio  with  oidlidin*- ^  Cflf,,?!. 
Giiar«»ehi  Hnd  Moaso  obtaineil  from  putrid  fibrine  iin  alkaloid  huving  the  eomjtositioa 
G,H,|X.  iiiiiilogous  in  its  pp>|iertiM  to  ^ntr!l^l^. 
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putrefactiuiu  contains    HjO    les««    rlinn  clioline.   mid    i»    uf- 
derived  from  that,  or  from  its  couijKiunil  U-ciihiii,  l»y   dt-i 
process  often  the  result  of  fermentjitinn  !iti<l    known  lo   l-t 
bacteria.     Choline  tnav  also  be  easily  <lecoD)pt»»eil,  with   (■■i. 
neurine.  in  ihe  chemical  processes  for  preparing;  llio  :s' 

It  iii  poisonous  to  frogs  and  nianiuialia  in    very   t^n 
aymptoms  are  salivation,  dyspntea,  aceeleratiun.  followe«l  t»y  depi 
of  the  heart,  also  violent  peristaltic  action  of  ih*-   l.-.u-T*.  ■ 
rhcea,  ending  with  convulsions  and  collapse^ 

The  general  effects  are  most  like  those  of  mus'-'irtn,-.      i 
alkaloid  (C^Hj^NOj),  long  known  as  contained    in  tlie  furi'M. 
flies,  and  in  many  poisonous  fungi,  wa-s  also  obtaineil   by  ' 
putretying  tish.     Cliemically,  it  is  an  oxidation-pnxliii-f  >.''< 
obtained  by  the  action  of  nitric  acid  upon  it. 

Muscarine  is  a  powerful  narcotic  poison.      Tt   <  imti.ii  i?  ii 
lessens  persjiiratiiin,  and  stintulates  salivation.      "  It   httH  n  ; 
action  on  the  henrt,  paralyzing   the  cardiac   mii-scle  and   >i 
the  inhihilory  gjinglia.     It  is  a  general  enietic»   and   dini-m  — 
activity  of  the  respiratory  centre.     Its  action  is  completely  netanlxw 
by  atropine"  (Bruutoii). 

Peptotoxinc  is  the  poisonous  constituent  of  many  peptones.  anJ  *• 
formed,  for  instance,  in  the  action  of  digestion  of  6hnn  bv  artifeaJ 
gastric  juice.  It  can  he  partiaHy  extracted  from  peptones  bv  ilrlp^ 
hoi,  but  its  composition  is  not  accurately  known.  It  is  ni]>idly  £irtil  *< 
frogs  and  rabbits,  producing  j»nr»lysis  and  in.sensibility. 

Mydah'ine. — This  and  another  poisonous  }>totnaine  were  obtaiMii 
from  the  ilcad    body  after   two  or    three  weeks'   de<"oni|><i.'<ttioiL,  b* 
neitlier  is  completely  analyze^!.    Myd.:iknne  is  u  powerful   poison,  ?«*■ 
diicing  in  rabbits  elevation  of  temperature,  <Iihitation   of  th' 
injection    of    tlie    bloodvessels   of   the    ears,    j)rofjiso    saliva' 
diarrhaa,  an*!,  finally,  great  depression   of    temperatui'e,  eci  i    . 
death.     These  results,  therefore,  (juality  the  statement   inadi.  iC^--- 
that  poisons,  generally  speaking,  do  not  raise  the   temperatune.    TW 
otlier  ptomaine   mentioned   was  found  to  cause   profose   diarrh<e*  ii 
rabljits. 

The  general   result  of  these  remarks  is  to  show    that   ptoTD.< 
powerful  J'unrtionaf  [loisons,  especially  to  the  nervous  system. 
have  not  the  destructive  action  on  tissues  characteristic  of  femoi^ 
nor  have  they  necessarily  any  irritant  action. 

The  production  of  these  bodies  by  the  action  of  microor^bifttt 
on  proteids  explains  many  of  the  symptoms  due  to  the  actitjn  nf  haf 
teria,  which  will  be  afterward  spoken  of. 

In  the  dec(mi|)osition  of  animal  bodies,  it  is  found  that  dif<*no^ 
alkaloids  are  formed  at  diflerent  stages ;  and  generally,  tlinagli  »<< 
universally,  tlie  most  poisonous  are  those  which  are  pnidnceil  iti  ik< 
later  stages  of  decomposition  ;  though  at  a  very  advant^ii  sta^  *( 
putrefaction  the  poisonous  proi>erties  are  again  lost.  Th»-tf  resuin 
agree  generally  willi  the  observed  facts  of  cadaveric  p 

Since  ptomaines  are  such  poisonous  bodies,  and   y<  u-linilr 
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formt*<l  by  tlecorapoaition  of  proteids,  and  muat  be  (generally  or  always 
present  in  the  intestinal  contents,  it  maybe  asked,  How  do  we  esejipe 
poisonin^f  tlirotigli  absorption  of  tbetri  from  the  uliinciitiiry  camil  'i  Tiie 
same  question  mi<;lit  even  be  asked  aljout  peptones,  which  we  have 
seen  to  be  poisonous  when  itijeeted  into  the  bloo<L 

The  answer  to  this  question  doidftles^  is  that  under  ordinary  cir- 
cumstances ttie  intestines  du  not  permit  absorption  of  these  poisotious 
substances  to  any  threat  extent,  and  that  what  is  absorbeil  i.s  excreted 
rapidly  by  the  ki<ineys.  But  the  lari^er  part  is  thrown  out  by  the 
bowels,  as  is  shown  by  the  fact  that  even  healthy  feces  contain  sub- 
stances poisonous  to  animals.  Bouchard,  who  discovered  this  fact, 
supposes  that  the  alkaloids  formed  in  the  ititeatinea  in  twenty-four 
hours  would  be  r^ufficiont  to  produce  death,  if  all  were  absorbed  and 
excretion  stopped.  It  is  supposed  by  some  that  the  transitory  or  per- 
manent troubles  citiised  by  cons^tipatioti,  such  a,s  lieadache,  increased 
arterial  tension,  and  antrmiu,  are  really  due  to  absorption  of  pto- 
maines.' 

However  this  may  be,  there  is  little  doubt  tliat  ptomaines  or  tox- 
inea  are  the  cause  of  the  injurious  properties  of  certain  articles  of 
food  which  have  from  time  to  time  produced  poisoning.  Sausages 
have  occasionally  beeti  found  to  produce  injurious  or  fatal  effects, 
with  symptoms  of  alkaloidal  poisoning,  sometimes  resembling  the 
action  of  atropine,  sometimes  of  muscarine,  though  the  poison  lias 
not  been  isolated. 

In  poisonous  fit^b,  however,  an  alkaloid  has  been  detected  which  has 
properties  sitnilar  to  those  of  some  ptouiitines,  and  the  same  with  cer- 
tain specimens  of  cheese  which  have  been  found  in  America  to  pro- 
duce poisonous  symptoms.  The  alkaloid  obtained  from  the  latter  has 
been  called  tyrotoxicon.  In  a  ca^e  of  poisoning  of  a  large  number  of 
people  by  mussels,  (an  occurrence  not  unknown  before).  lirieger  dis- 
covered tlie  cause  to  be  a  poLsonous  ptotnainc,  having  the  composition 
CjH,^NC^,  which  be  has  called  inytilotoxine.  The  mu.ssela  were  per- 
fectly fresh,  not  putrid ;  and  whether  the  poison  was  producer!  by 
them,  or  was  the  protbjct  of  a  putrefactive  ]>rocess  in  the  water  and 
only  absorbed  by  the  shell-fish,  must  remain  uncertain.  Other  cases 
of  food-poisoning  may  prob{d>ty  be  referred  to  similar  causes. 


'See  Dr.  Litii'ler  Bntnlim,  Otj  I)i*irrfers  of  Digestion, p.  2!in.  TjOiirlciii,  ISSfl.  Hiiiiinu 
urine  iil»),  in  viirioug  (nniiition^,  ami  even  in  health,  if  Inuiul  to  ointtiin  toxic  »u)>- 
•Unoes, 


CHAPTER    XXXIII. 

ON  gPECIFiL'  MoRIifl)  IMUSONS. 

BiiSiDE-s  tlje  poisons  already  spukfu  (if,  there  is  another  cl.as3  called 
8pf<'itu\  Itei-ausf  they  are  capahle  uf  prtiducing  each  one  sf)ecial  disease 
aud  tliat  only. 

The  notion  of  special  or  specific  diseases  grew  out  of  the  notion  of 
contagion,  and  tliough  we  now  know  that  the  projierty  known  by  this 
name  is  not  essential  to  a  specific  disease,  it  exhibits  the  laws  of 
specific  niori/id  poisons  in  tlieir  most  distinct  form. 

It  must  have  been  at  all  times  a  matter  of  observation  that,  in 
certain  diseases,  j)ersons  who  hninodiately  surround  the  sick,  or  live 
where  they  have  lived,  or  touch  objects  which  they  have  touched,  are 
liable  to  contract  the  disease. 

The  transmission  of  disease,  whether  immediate  or  mediate,  consti- 
tutes contagion  ;  and  such  diseases  ir^  which  this  occura,  are  called 
coufai/ioiis  The  word  infection  is  sometimes  used,  or  Wiis  used,  for  a 
supposed  less  indirect  mode  of  transmission  than  contagion,  but  it  is 
not  really  required.  The  word  intW-tiife^  wo  should  remember,  is 
used  in  a  sense  somewhat  different  to  infectious,  being  said  of  diseases 
which  infect  or  affect  the  whole  body,  as  distinct  from  those  which 
remain  local  or  affect  one  part  only. 

r*ther  dipcftses  may  be  transmitted  by  insertion  of  matt^rial  derived 
from  a  diseased  person  in  tlie  Ii(»dy  of  aiiothei  jierson,  and  such 
diseases  are  called  inoeulable.  Some  are  inociiluble  which  are  not  in 
the  ordinary  sense  contagious  (anthrax,  vaccinia),  an^l  some  are  con- 
tagious which  are  not  inoeulable  (varicella);  though  the  experiment  of 
inoculation  has,  for  obvious  reasons,  never  been  tried  in  the  case  of 
many  diseases.  These  two  mothod.s  of  transmission  differ,  however, 
only  in  degree  and  in  accidental  cireumstances,  an(l  both  may  be  con- 
veniently included  under  one  head.  If  we  call  those  diseases  which 
may  be  transmitted  in  any  way  from  one  person  to  another,  communi- 
cafile,  we  have  a  word  which  covers  all  the  facts ;  but  they  may  also 
be  called,  in  a  broarl  sense,  contagious.  Contagious  diseases  must 
necessarily  be  specific,  or  at  least  must  depend  upon  a  specific  morbid 
jtoison. 

Most  contagious  diseases  are  also  infective  or  general,  but  an  ex- 
ception occurs  in  the  case  where  the  tnorbiil  material  can  be  inoculated 
at  "lifferent  parts  of  the  body  at  once,  or  from  one  part  to  another,  as 
is  the  case  with  ringworm  or  certain  local  suppurations  such  as  im- 
petigo. Tliese  diseases  uiay  l>e  contagious,  and  often  are  so  in  a  high 
degree:  but  they  are  not  infective  or  general.  The  jiossihility  of  local 
inoculation  from   point  to  point  is  indeed  a  test  to  show  that  a  disease 


SPECIFIC    MORBID    POISONS. 


315 


J      in 


has  not  produced  a  general  infection,  for  when  once  a  general  infective 
poison  is  introdufed,  tlie  whole  budv  is  inudifieiJ  in  .«iich  :i  wav  as  to  be 
insuscepiible  to  ii  st'Ci.>n<l  iiitroduction  of  \\w  |.Mji»ot4.  But  these  non- 
infectivi'  iHst-ases  iue  none  ihe  less  specific,  since  in  them,  as  in  all 
iiioculahle  dif^easeji,  we  have  di>itinut  eviflence  of  the  convevaiice  of 
some  miiterial  virus. 

It  is  impossible  to  avoid  t!ie  couclusiou  that,  as  in  inorulatiou,  so 
in  the  procesjj  of  eontngion,  soiuc  material  substance  is  conveyed  which 
tually  produces  the  disease*  and  this  is  sometimes  called  the  conta- 
fftunt.  Although  the  actual  contagiuni  is,  in  the  case  of  a  great  many 
diseases,  still  unknown,  the  observed  laws  of  tlie  contagious  proccfis 
permit  certain  conclusions  to  be  Hnnvn  as  to  the  nature  of  contagion 
in  general. 

In  the  first  place  the  contagium  has  thf  propertv  of  rnultiph'ing 
itself  within  the  body  affecteil  by  the  assimilation  of  neutral  material, 
80  that  if  an  extremely  small  {juautity  of  it  be  introduced  into  the 
body,  it  may  afterward  be  found  in  great  abundance  in  every  part, 
and  in  some  tjiseases  eacli  single  drop  of  blood  (for  instance)  may  contain 
very  much  more  of  the  contagium  than  originally  produced  the  discai!ie. 
Every  part  or  certain  parts  of  the  body  aflected  will  then  conic  to  Iiave 
the  property,  possessed  by  the  original  contagiuni,  of  reproducing  the 
disease.  It  is  evident  that  tliis  is  something  very  different  from  wliat 
happens  in  the  case  of  any  mineral  or  inorganic  poison.  If  a  small 
quantity  of  arsenic  or  antimony  be  introduced  into  the  body,  it  may 
indeed  become  diffused  into  every  part  and  be  recognized  in  the  tissues 
and  fluids,  but  if  the  whole  quantity  could  be  again  collected  it  would 
only  be  equal  to  that  originally  introduced.  The  fluids  or  secretions 
may  be  poisonous,  but  they  are  so  only  in  proportion  to  the  dose  of  the 
original  poison  which  they  may  contain. 

But  if,  nil  the  other  hand,  the  contagium  or  virus  of  smallpox  be 
inocidatcd  at  one  point  of  the  skin,  an  immcuse  number  of  vesicles 
will  be  producc<i,  each  of  which  contains  sufficient  virus  to  reproduce 
the  disease  in  several  other  pcrHons. 

Living"  CoEtagium. — Thus  the  muUipIicatioii  of  the  contagium  e.\- 
actly  corresponils  to  growth,  as  of  some  living  thing. 

There  is  also  another  point  in  which  the  analogy  with  living  things 
is  jterceptifile.  The  processes  set  up  by  contagia  are  sultject  to  cer- 
tain laws,  to  conform  to  a  certain  type.  After  the  introduction  of  the 
oontngium  ihere  is  usually  a.  jicriod  of  inaction,  or  as  it  is  said,  of  incu- 
batifm„  which  period  is  singularly  comitunt  in  most  diseases,  and  in  all 
confined  within  narrow  limits.  Then  begins  a  series  of  symptoms 
which  may  vary  greatly  in  intensity,  but  seldom  or  never  vary  in  the 
order  of  sequence.  For  the  most  part  there  are  signs  of  a  general 
affection  of  the  whole  body,  and  the  disease  reaches  its  acme,  after 
which  it  may  follow  one  or  two  courses.  Either,  notwithstanding  the 
immense  increase  of  poisonous  material,  the  symptoms  subside  and  the 
disea.se  comes  to  nn  end — i.  c,  it  is  an  acute  disease — or  else  it  passes 
into  a  chronic  state,  that  is  to  say,  the  contagium  continues  to  act  upon 
the  bodv  for  a  long  time,  or  for  the  rest  of  life. 
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lu  the  Hrst  cus^  what  hii|i[iL>ii$  is  jiHt  what  vtruiiM  bapiiexiifv 
taujium  were  a  living  thing  with  a  shoi't  life  ;   the  latter  cate 
wotilil  foHow  if  the  coutiigiwm  were  living  anil  iible  to  :t 
itself  to  existence   in  the  buily,  so  jls  to  go   on    living 
imlefinite  time. 

These  considerations  show  the  hy|x»thesis   that  contaginm  l^  * 
thing  living  to  be  consisitent  with  the  facts.    They  vrouh!  i 
this  hypothesis  is  necessarily  true,  because  some  other  ruij  . 
the  facts.    But  there  are  certain  other  consiilerations  which  -'i    ■. 
the  supposition. 

The  contagia  of  the  diseases  now  sp^iken  of  are  aperifie  ;  iW 
true;  each    reproduees  its  own  kind,  and   not   another.      Ileooe 
diseases  (but  not  all  diseiwes)  can  he  ela-isifietl,  like  objects  of 
history,  by  vital  as  well  as  hy  material  characters. 

Next,  the  distribution  in  place  and  time  of  specific  inftttirt 
ea.ses  follows  the  siiuk-  l!iw.s  as  the  distrihutiou  of  or^aniited  binn|t^ 
has  long  been  recognized  that  the  distribution  of  pluutit  and 
is  not  determined   by  climate  nlone.  but  depends    upon  certain  ^»k 
such   9»  those  of  <lescent.  migration  ami  natuml  selection, 
while  there  are  some  iliseases  which  are  prinkiced  bv  cold,  heat  ■  •     • 
physical  eonditiuiis,  the  specific  diseases  generally   are  certaitiK  --^ 
produced,  though  they  may  be  favored  by  such    muses.      Thc«  )*'- 
sical  causes  often  have,  as  in  the  case  of  animals  ami   plantv  a  mr*- 
tive  effect — that  is,  the  disease,  like  the  living  or^rnnism.  cain>  ■  I 
under  certain   definite  conditions,  or  conversely  can   onlv  hvc  ut^' 
certain  definite  conditions  of  climate,  teni{>erature,  and  so  on,   fc 
climate  and  physical  conditions  do  not  province  specific  A'  "*• 

origin  of  these  is  as  ohscure  as  the  origin  of  species  ;    tli> 
are  explicable  by  the  same  laws  as  those  of  organized  bein<'H.  .\ 
often  accom[iany,  like  ilomestic  animals  and    plaiit>.   ili.^  mien 
man. 

So,  too,  as  regards  relations  of  time.  The  app,  .natu  t-  ><i  -j^Tui 
diseases  in  great  abundance  at  certain  times — i,  f.,,  epid^mict — wf- 
responds  to  the  production  at  certain  seasons  of  vast  numbers  of  !»- 
sect>»  or  plants,  such  as  locusts,  blights,  and  so  forth,  the  cnxott  d 
which  may  be  ob«uire,  but  which  no  one  now  supposes  to  be  rmi«ili* 
or  self-gendered. 

These  relations  of  coincidence  in  time  and  space  arc  ao  natu«nit> 
and  striking  ivs  naturally  to  suggest  the  hypothesis  that  sf-eeific  isi 
contagions  diseases  are  connected  in  some  way  with  living  organisn^ 
or  even  that  the  hitter  are  the  cause  »if  the  disea,ses. 

Reqairements  of  a  Scientific  Hypothesis. — But  a  mere  TdatimKf 
coincidence  is  not  stjflicient  to  establish  a  scientific  hyputheeis.  ItnoB 
be  shown  not  only  that  the  supposed  cause  is  ailequate  to  explain  tfc^ 
phenomena,  but  that  no  other  cause  is  adequate,  and,  finallr.  that  the 
snytposed  cause  actually  exists. 

Of  these  three  retjuirements  the  first  may  be  considercl  fulfilled,  M 
tlie  grounds  which  will  hereafter  be  st:ite<l ;  the  second — vix.^  tlut  •> 
other  cau.se  than  living  organisuis  will   :i(c<«itni   for  the   phenoineni-- 
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requires  sonic  considerjitioii.  The  only  other  hypothesis  which  «iij  be 
regar<ied  as  luU'ijuate  is  ihut  all  specific  diseases  tire  protJuueJ  by  soiue 
spec'vA  tWm<-ttt ;  a  view  whieh  has  gaiiio*!  imich  support,  aud  has 
given  rise  tu  the  term  zi/motic  diseases,  sometimes  used.  In  inodena 
scientifie  huirruage  the  tenn  "feniient"  is  used  in  two  senses,  as  ex- 
plained nhnve ;  viz.,  for  the  chemieal  ferments  culled  enzymes  and  for 
living  plants,  such  as  yeast,  which  act  as  ferments.  3»ow  of  these 
tM-o  classes,  the  only  one  which  exhibits  the  phenomena  above  jiointed 
out  is  that  of  living  ferments,  so  that  nothing  but  a  living  org;inism 
fulfils  the  necessary  eunditions  of  being  the  cause  of  infective 
diseases. 

To  complete  the  jiruuf,  it  is  only  necessary  to  show  that  the 
assumed  cause,  ivhich  fulfils  the  required  conditions,  actually  exists. 

In  the  case  of  several  such  diseases  the  existence  of  a  living  conta- 

§iuTn,  t.  e.,  a  microiVrganism,  lias  been  proved ;  and  it  csmnot  be 
onbted  that  this  is  the  cause  of  the  disease.  In  the  Ciisc  of  a  good 
many,  the  ymtof  is  still  wjuiting  :  and  tlieir  causutioii  must  be  regarded 
as  nut  yet  i-learly  established.  It  ntay  turn  out  that,  as  analogy  woidil 
leail  us  to  suppose,  there  is  some  mieroi'irgunism  as  yet  undetected  :  or 
it  tnav  jKissibly  turn  out  that  there  is  some  larger  law  of  tlisease  under 
vhleh  the  iiettun  of  uiirroftrgiinisms  is  cimiprised. 

Specific  Non-contagious  Diseases. — In  a  subsecjuent  chapter  will  be 
lUscussed  tlie  conditions  necessary  to  a  strict  pruof  that  a  particular 
disease  is  produced  by  a  micnx'irganism.  In  ihe  meantime  another 
question  has  to  be  considered,  viz.,  whether,  if  all  eontiigious  diseases 
be  .ndmitted  to  be  s]tecitic,  there  may  not  be  tjthers,  not  contagious, 
which  are  also  due  to  a  specific  living  virus.  In  such  a  clu'je  the  proof 
vould  not  be  so  easy,  since  we  sboubl  not  have  evidence  of  the  virus 
being  transmitted  from  one  person  to  another.  Such  is  ague,  which 
has  the  ai>pearance  of  being  jjtoduced  by  a  s|iecific  poison,  though  it 
is  not  in  the  ordinary  sense  contagious. 

But  recent  experiments  have  proved  that  it  is  jiossible  to  produce 
ague  in  beakliy  per,sons  by  the  inoculation  of  blood  from  a  patient 
having  the  disease.  Tubercle  is  another  instance,  which,  having  been 
long  attributed  to  various  general  causes,  was  a  few  years  ago  shown 
to  be  capable  of  inoculation  into  animals,  nnd  thus  proved  to  be  a 
specific  dise.ise.  Any  disease  of  which  the  poison  cannot  be  thus  defi- 
nitely handed  alxmt,  can  be  ju'oved  to  be  a  specific  disease  only  by 
analogVi  or  by  indirect  argument, 

Before  consiclering  the  special  kinds  of  specific  poisons,  there  are 
some  other  general  laws  which  must  be  considered,  and  the  vnliility  of 
these  does  not  depend  Ti])on  any  assumption  as  to  the  nature  of  the 
poison. 

Entrance  of  the  Virus. — It  may  enter  the  body  by  various  chan- 
nels. SouiC  lUseases  are  received  through  the  skin,  in  which  ciuse  it 
appears  as  if  some  small  lesion  of  the  skin  were  generally  nece.ssary, 
a-S  in  syphilis  and  anthrax.  The  reception  of  specific  jioisons  through 
sound  skin  is  open  t(j  ijuestion.  Diseases  not  generally  thus  received 
may  be,  as  has  been  sai<l,  artificially  inoculated.     Most  specific  poi- 
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sons  probably  enter  by  the  respiratory  channels,  and  mir   ..; 

affect  the  entrance  of  the  air-ptissages,  like  Jiphtlieria  atiU  acvtsan 
or  first  bet^uiiie  apparent  when  they  have  reached  \h<:  ^'^' 
other  specific  fevers.  Souie  again,  are  received  by  the  ii;_ 
nels,  as  are  typhoid  fever,  cholera,  and  dysentery.  If  wt-  aiiti 
some  mucous  surfaces  may  occasionally  receive  a  poi.son  in  Uif 
nuumer  as  the  skin  does,  irrespective  of  their  function,  we  ?h:iil  ln> 
exhaustcil  the  meuns  by  which  the  morbid  poisons  gain  acc<,«w '.'U* 
body  in  extra-uterine  life.  The  mode  of  access  during  inlm-tjit-i 
life  nr  iiilieritimce,  is  n  special  (juestion. 

Generalization  of  tbe  Virus. — In  most  cases,  with  certain  *saf 
turns  to  be  noted  hereafter,  the  virus,  after  producing  cert:iifi  ckofi 
(or  soiuetimes  no  changes)  at  the  point  where  it  enters  the  bcilj,  ► 
comes  conveyed  by  the  lymphatic  or  bloodve-ssels  to  other  pan&,fl 
is  often  distribnted  through  the  whole  body.  Its  generaliw^tT; 
sometimes  shown  by  the  production  of  an  eruption  or  ntuhifile  Iv-  . 
of  the  skin,  soiiietimes  by  profound  changes  in  the  blood,  snuiediin 
by  general  affection  of  uiiiny  tissues,  and  sometimes  by  functuJ 
disturbiineea,  notably  of  the  nervous  system.  These  changes  roitW 
due  to  the  direct  action  of  the  virus  itself,  or  to  substances  resnltt^ 
from  the  action  of  the  virus  on  the  blood  or  tisi^ucs  generallr.  TV 
phenomena  are  those  of  the  action  of  functional  poisons,  ind  i 
(necrotic)  tissue-poisons,  as  fonoerly  distinguished.  The  former wi 
as  a  rule,  ceneral,  tlioujjh  the  virus  may  show  a  nredilection,  lilf 
inorganic  poisons,  for  certain  parts  of  the  nervous  system,  as  in  hr'h*' 
phobia  and  tetanus  for  the  spinal  cord,  in  typliusi  for  the  brain.  TW 
tjssue-clianges  are,  as  a  rule,  Tiiore  local,  and  sonic  poisons  show  • 
speciid  tendeticy  to  settle  down  in  particular  parts  of  the  \h4j  ttrj 
proihtce  their  new  foci,  as  it  were,  of  disease.  This  is  the  ca-w  »i2 
syphilis,  tubercle,  pVieinia,  glanders,  etc. 

Exit  of  the  Virus. — It  is  a  general  law  of  morbid  poisons  tli»i.a 
some  way  or  otlicr,  they  get  outside  the  body  again,  and  thus  paw  « 
to  a,  new  field  of  activity.  It  is  in  this  way  that  the  continaana  ^ 
the  disease  is  secured.  The  only  known  exception  to  tins  law  i»  n 
the  case  of  miasmatic  disea.se3,  to  be  spoken  of  presently.  Ifl  f^ 
others  there  is  an  elimination  of  the  poJson,  and  usually  durin;;  hk, 
since  communication  of  disease  from  the  dead  body,  tliough  often  paa»" 
ble,  is  not,  in  human  diseases,  an  important  factor  in  contagion.  Tlw 
elimination  often  takes  place  from  the  skin,  as  in  scarlatina  ati  '  ■  " 
|K>x,  where  dried  scales  of  epidermis  are  a  means  of  contac;  ; 
others,  too  numerous  to  mention,  the  poison  is  passed  outwftni  "lU 
the  lireath.  and  tlie  disease  thus  conveyed. 

In  others — as  typhoid,  cholenv,  dy.scntcry — the  virus  i»  cj*rt(< 
with  intestinal  discharges,  and  thus  finds  its  way,  mostly  bv  indinc 
means,  into  the  human  body  again.  In  hydrophobia^  the  salira  is  iA 
least  one  cliaiinel  by  which  the  poison  leaves  the  body,  and  it  is 
communicated  by  biting.  It  is  sometimes,  as  in  scarlatina,  nppn 
eliminated  through  the  kidneys:  but  whether  it  is  thus  <■ 
is   not   certain.     This   very   important   fact  of  the    dett  . 


view  of  its  bearing  on  the  welfare  of  the  patient,  and  is  often  spoken 
of  fts  a  proviilential  urrangenient  intemk'd  to  cure  the  disease.  But 
the  plienoinena  attending  elimination  are  often  deleterious  to  the 
patient,  as  in  the  profuse  diarrhtca  of  cboleni.  and  iu  other  cases  their 
oenc'ficiii]  eflect  is  doubtful,  sime  by  the  time  the  poison  is  being 
thrown  ofl',  it  is  generally  no  longer  a  poison  to  the  patient  himself. 
For  instanee,  to  inoculate  a  suudlpux  patient  iu  a  late  stage  of  dist-ase 
■with  matter  derived  from  his  own  ve:^icles.  would  be  innocuous.  But 
these  phenomena  are  of  serious  importance,  in  a  dangerous  sense,  to 
other  persons,  and  the  only  existence  to  which  they  can  be  considered 
as  favorable  is  the  existence  of  the  living  contagiriin. 

If  it  be  necessary  to  regard  these  processes  as  providential  arrange- 
ments, they  are  rather  means,  provided  in  the  onler  of  nature,  to 
secure  the  continued  existence  of  the  specific  iliseusi.s. 

If  we  regard  the  speciiic  virus  a»  a  living  thing,  we  niight  speak  of 
these  arrangements  iis  acquired  habits  of  life,  by  which  the  vims  is 
transferred  from  an  exhausted  to  a  new  soil,  like  the  tneehanisni  by 
which  seeds  are  wafted  tbrougii  the  air.  They  liave  also  a  remarka- 
ble analogy,  as  wil[  be  seen,  with  tlie  [irocesses  by  whidi  animal  para- 
sites, or  their  ofl'spring,  are  conveyed  from  one  host  to  another. 

Immunity  and  Predisposition. — It  is  a  matter  of  familiar  observa- 
tion that  ;dl  pei"sonsare  not  enually  liable  to  take  all  di.seases  if  exposed 
to  the  contagion.  Those  wfio  are  in&uscei)tible  to  tiie  poison  are  said 
to  possess  an  imnjimity,  or  are  cidled,  by  a  cunvenieiit  neologism, 
imniutie :  while,  conversely,  those  who  apjtear  pecidiarly  liable  to  con- 
tnict  certain  diseases  are  said  to  have  a  predisposition  to  them. 

The  causes  of  these  iihosyncrasies  are  still  obscure,  and  the  subject 
can  only  be  briefly  touched  on  here. 

First,  as  regards  predisposition.  There  are  few  specific  diseases 
about  which  we  can  say  beforehand  that  a  per.non  is  predispose<l  to 
take  them,  (reneraliy  speaking,  such  a  tendency  is  better  marked  in 
the  case  of  simple  non-specific  diseases,  such  as  catarrhs,  chilblains, 
rheumatic  pains,  etc.  There  is,  perhaps,  only  one  liisea-se — tubercle — 
predisposilion  to  which  it  is  thought  to  be  shown  by  a  particular 
physical  constitution.  In  other  diseases,  as  notJibly  in  tubercle  it.self, 
we  niay,  with  great  probability,  say  that  a  person  is  predisposed  to  a 
particular  disease  on  the  groiuKl  of  fieredity;  that  is,  because  his 
progenitors  or  other  relations  have  suffered  from  the  same  disease. 
Even  this  conclusion  is  liable  to  many  excej>tions  and  ijualifications 
which  we  cannot  consiclcr  here. 

It  is  also  thought  that  some  races  of  mankind  have  a  predisposition 
to  certain  diseases,  but  this  mostly  refers  to  races  iu  special  climates, 
especially  those  foreign  to  them,  as,  for  instance,  that  Europeans  in 
the  West  Indies  are  liable  to  ^-ellow  fever.  Facta  of  this  kind  are  at 
present  too  fragmentary  to  permit  any  general  conclusions  to  be 
drawn. 

Immunity  is  a  much  more  definite  fact  than  predisposition.     Cer- 
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tain  individuuls  uml  certain  races  are  quite  insusceptible  of  matU 
eases,  while  others  possess  the  same  iinniuDity  in  »  minor  dcgr- 

Lnrnunity  may  he  mnate,  or  it  may  be  arquir^d. 

Innate  or  congeiiitjil  immunity  is  sliown   in    such    fHftsMtlaj! 
negro  race  never  suffers  from  yellow  fever.    Among  «li 
there  are  many    similar   facts   of  total  irnmunitv.         ■ 
persons  seem  to  he  insusceptihle  of  certain  iliseases.      This  j*ii 
a  fact  difficult  to  estahlisb,  hut  is  sumetiine.s  observed  in  the  >■>-<  - 
vaccinia. 

Acquired  immunity  from  any  disease  is  genei*ally  the  result  nf  hitw 
had  the  same  diM-asc  hi.'forc,  cither  in  its  urdiiiarv  or  in  a  ni«iiy 
form.  In  the  niujority  of  sjiocific  diseases,  one  attaek  proteeti*  a<kM 
another  for  some  years,  or  even  for  the  whole  of  life  :  and  thtrv^ti 
such  complete  immunity  as  in  the  condition  which  immeiliattflv  i'  i 
an  attack.  The  same  result  may  sometimes  be  nttaintti  bv  MU>jr^ 
in^'  the  body  to  the  action  of  the  poison  in  a  modified  finiii'  it..  U 
vaccination. 

T/ie  e.rplanation  of  immunity  is  not  easy.  The  con>{eniUil  inuuamn 
of  mccs  against  certain  diseases  has  been  thought  to  be  due  touttaril 
selection.  That  is,  if  the  disease  have  acted  upon  a  race  fluting  uaij 
generations,  it  will  have  gradually  weeded  out  the  inot;t  sui<<«p(tfcii 
individuals. 

Inuitunity  acquired  by  a  previous  attack   of  the  disease  hm  bM 
e.xjdaincd  in  several  ways.     The  hypothesis  was    suj^oi^ted   bv  Sir  J 
Simi>n,  iind  adopted  by  Pasteur  and  others,  rlmt   Husceptibdity  toint 
particular  disetise  depends  upon  the  presence  iu  the   hodv  of  a  ceruift 
special  substance  or  ingredient  of  the  blood,  which  the  morbid  i"  i-  • 
so  to  speak,  feeds  upon.     In  one  attack  of  the  diseas*;  the  «tf<r- 
material  in  the  body  will  be  exhauste*!.  and  consequently  tl- 
Mill  not  be  susceptiele  to  a  second   attack.      The    objeeii      - 
view  are  that  there  is  no  proof  of  the  existence  of  anvsuch  i»ul>-lao<t. 
though  the  number  of  theni  wijuld,  by  the  theor\',   have    to   ' 
large,  since  there  must  be  one  corresponding  to  every  si>ecific 
A  second  theory  is  that  the  uiorbiil  virus  produces    in   the   Imm' 
materia!  which  iuipeiles  or  inhibits  its  own  life.      This  is  a  wcii 
law   of  organic  life.      Animals,  for  instance,  pro<lucc    earlMniir  wn, 
which  is  a  piHson  to  them  ;   iitid  the  yeast-plant   in    femientaU""  "■- 
duces  alcohol,  which,  when   it  reaches  a  certain  deijrce  of  con 
tion,  stops  the  growth  of  the  fungus.     So  that,  regarding  t\\v  i-^  ■ 
as  a  Iivin<!;  thing,  this  explanation  is  not  unrea-sonablf  ;    f,ut  thf-rc  ;^  7 
certain  iuqirobability  in  su[iposing  special  substances    to    he    nr-"i>i  »-! 
which  remain  in  the  Idooil  for  years.      A  third  iiypothesis   ia   th  i;  1! 
cells  of  the  s[>ecial  part  of  the  body  affected  by  a  specific  di>' 
their   combat   with    the  organised  germs  or  exciters   of  Jim-.i 
p.  91),  acquire  an  increased  vital  energy,  which  enables  theiu  - 
come  the  same  adversaries  if  attacked  by  them  a  second    liuic. 
this  seems  like  merely  stating  the  observed  law  of  intinunitv  to 
terms,  and 
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many  fliscnses  well  estublislied  the  laws  of  its  causation  are  by  no 
ineims  iinderstooil. 

Enumeration  of  Specific  Diseases. — Although  we  do  not  Lore 
include  tiperi<il  pathoht^y.  it  will  be  Avell  to  give  a  list  of  those  which 
we  regard  as  fspecitit-  diseases,  includiiijr  those  wliich  are  specific  and 
infective,  those  which  are  in  addition  contagious,  an<l  those  which  iire 
contagious*  orconiiuunicnble  without  being  infective.  Without  describ- 
ing the  syniptoius  of  these  ilisease:^,  we  shall  only  briefly  consider  the 
origin  ami  destination  of  the  morbid  poison  in  each  so  far  as  known — 
I.  c,  whence  the  poison  is  derived  :  liow  it  enters  the  body  ;  how  far 
it  is  distributed  within  it ;  ■what  change  it  produces  in  tlie  blond  and 
tissues  ;  how  it  leaves  tlie  body,  and  how  it  is  maintained  in  existence 
and  juussed  on  to  other  imlivitluals. 

The  jdienoniena  of  morbid  poisons  may  be  classed  under  four  heads  : 

1.  Initial  phenomena — ;.  c,  changes  produced  by  the  poison  at  the 
point  where  it  enters  the  body. 

2.  Phenomena  of  generalization — /.  e.,  the  general  changes  pro- 
duced in  the  blood,  the  fluids  generally,  the  nervous  system. 

3.  Phenomena  of  secondary  local  distribution — i.  e.,  changes  pro- 
duccil  in  the  tissues  of  certain  parts  other  than  the  point  of  entrance. 

4.  Mode  of  existence  of  the  virus  outside  the  boily. 

In  some  the  jihenomena  of  entrance  are  so  marked  that  the  disease 
hai*  been  regarded  as  a  purely  toca!  affection,  or  it  may  only  occa- 
sionally present  phenomena  of  generalization.  In  others  the  entrance 
of  the  virus  into  the  body  is  markeil  l»y  no  special  synijitoms,  and  its 

fresence  is  only  shown  when  the  phenomena  of  generalization  appear. 
D  such  cases  the  disease  has  usually  a  short  period,  or  is  n/nite. 
These  latter  phenomena  are  most  marked  in  the  case  of  what  are 
called  the  acute  specific  fevers;  but  modern  research  has  sliown  that 
they  also  belong  tn  other  diseases  not  fttrmerly  recognized  as  allied  to 
this  class,  especially  tubercle  and  syphilis. 

It  is  to  be  noted  that  the  phenomena  of  generalization  need  not  be 
due  to  the  virus  itself,  which  may  be  a  living  organism,  but  to  some- 
thing produced  by  it,  .such  as  a  ptomaine  tsee  p.  311) ;  and  it  may  be 
the  latter  only  which  circulates  in  the  blood. 

The  phenomena  of  local  distribution  of  the  poison  in  tlie  body,  or, 
in  other  words,  t!ie  effects  of  the  poi.son  on  tissues,  are  extremely 
variable  in  intensity.  In  many  cases  the  poison  is  so  generally  dis- 
tributed, that  no  local,  or,  at  least,  no  important  local  di.sease  is 
observable.  In  others  the  poison  has  so  special  an  affinity  for,  or 
effect  upon,  certain  organs  or  tissues,  that  the  disease  is  remarkably 
local,  and  it  may  be  a  disputable  |)oint  whetlier  it  is  a  simple  local 
disease  or  a  general  one.  This  is  true,  for  instance,  of  whoojung-cough, 
diphtheria,  parotitis.  But  recent  res^earcli  has  tended  to  show  that 
some  which  were  considercil  pure  local  intiammations  are  resillydue  to 
a  specific  poison,  c.  //,,  lobar  pneumonia,  rheumatism,  etc.  In  one 
disease,  leprosy,  the  local  elfects  of  the  poison  on  the  tissues  are  extra- 
ordinarily severe,  while  the  constitutional  disturbance  is,  at  least  for  a 
long  time,  comparatively  slight. 
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The  secondary  local  changes  may  be  broadly  described  aa  tuiiUsi— 
characteristic  of  iiitliiuimiitioTi.     That  is,  in  the  vas<^ular  and  c«h» 
tive  tissues  we  see  hyi)era?mia,  cellular  iniiltrHiion.  and,  if  tht  uSS ' 
be  long  continued,  overgrowth  :  in  the  parencliymatous  tianua,^^! 
eration,  destruction,  or  necrosis. 

Hence  tlic  chronic  local  changes  due  to  morbid  poisons  prodisi 
certain  type  of  tissue  only,  tiiat  called  granulation-tiseue,  and  «k 
products  have,  when  they  arc  anatomically  distinct,  received  thetaft 
of  granulonm  or  granuhitiontum<u-,  <;.(/.,  tubercle,  and  the  fDia 
of  syphilis  nnd  ;L:l.'>uders. 

It  is  un  the  mode  of  existence  of  the  vims  outside  the  bodjtki 
the  s|>re;id  and  continuance  of  the  disease — viz.,  the  laws  of  ooutaew 
miasuifi,  and  so  fortfi — depend. 

On  the  basis  of  such  distinctions  as  these  we  may  classify  fpndk 
diseases,  a-s  follows,  in  six  grouf)S. 

Fiigt  Chtgif.  Acute  Specific  Fevers. — Initial  phenomena  ujmlh 
slight  or  ijidetiniie,  but  tlio.se  of  generalization  and  infcctivenew  ♦»r 
marked  ;  local  effects  on  the  tissues  very  variable  ;  duratiiiU  iniH»i 
and  usually  typical.  Some  cutaneous  eruption  gcneraliv  pmo^ 
Origin  of  the  poison  always,  so  far  as  known,  from  previous  csmi  <l 
the  same  disease. 

The  cla.S9  includes  scarlatina,  mensles,  rotlieln  (or  ••'•»r 
measles "),  variola,  vaccinia,  varirella,  typhus,  typhoid  or  ■  n'' 
fever,  relapsing  fever,  plague,  and  cholera. 

Second  Clam,     Specific  Inflammations. — Initiiil  phenotneua. cm^ 
by  the  entrance  of  the  j»oison,  are  variable  and    indefinite;  hot  dU 
poison,  when  once  intiotlueed,  has  a  marked   tendency  to  att  i  1 
portion  of  the  body  and  set   up  a  disease  there   which  can   liar  . 
distinguished  from  an  ordinary  intlammation. 

Phenomena   of  generalization   variable  in  degree,   but    neve-    "i' 
absent;  duration    usually   short   and   typical;   no    definite   ci 
eruption.     Many  of  these  diseases  are  highly  variable   in    ir,  >^:  • 
and  also  in  contagiosity. 

When  the  part  specially  aflV<'ied  is  on  the  extern.'il  or  inter 
face  of  the  body,  it  is  ipiite  pussilde  that  this  may  really  be   t 
whero  the  poison  entereil,  and  here  may  be  the   initial    lesion.    lb« 
diilicully  of  determining  this  point  makes   the  cla»sitication  of  tko* 
diseases  uncertain,  and  hence  some  pathologists  clajssify  thein  M  hcii 
diseases,  others  as  general. 

This  class  includes  wlionping-cough,  parotitis  or  mumps,  diphtkcn, 
dysentery,  erysipehis,  tetanus,  hydrophobia  (pneumonia:)  (moM 
rheumatism  ?). 

Third  Cla»8.  Contagious  Suppurations. — Among  the  initial  pb* 
nomena,  suppuration  is  espe^-ially  oonsj)icuous,  nnd  by  convevaott  tf 
the  poison  to  other  parts  of  the  bo<iy,  the  s^ime  phenomena  'arr  v> 
duced  there,  so  that  the  .-iecondary  local  eftects  reaenible  the  priman 
or  initial  changes.  Since  the  conveyance  of  virus  usiiiillv  t.iVf-  il 
externally,  there  is  not  any  generalization  in  most   of  th- 

But  if  the  virus  enter  the  circulation,  and  be  transfckiv 
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circulatory  channels,  there  is  gi-ueralization  of  an  intense  kind,  !Ui<i 
by  transference  of  the  viriid  to  internal  situntious  favorable  to  its 
growth,  seeondary  local  changes  are  set  up,  usunlly  more  severe  than 
the  initial  lesion^  and  form  new  fuoi  of  poison. 

The  local  or  milder  dit»eases  f»f  this  class  are  gonorrhoea  (contagious 
ophlhftliiiia?)  8(>ft  chancre  or  chancroid,  contagious  impetigo. 

The  geneniiized  diseasre  i.s  pyreniia.  (.lonorrluTca  also  sonietimea  shows 
some  phenoinena  of  generalization,  the  virus  being  distributed  by  inter- 
nal cliannels  to  the  eye  and  joints. 

The  specific  poisons  of  all  these  diseases  are  doubtless  nearly  allied, 
all  producing  suppuration-  But  on  careful  observation  their  effects  do 
not  appear  to  he  identical.  All  are,  under  certain  circumstances,  con- 
tagious or  coniniunieable  to  other  individuals,  as  well  as  to  other  parts 
of  the  same  individual. 

Fourth  <:his».  Infective  Granulomata. — Initial  phenomena  at  the 
point  of  entrance  nearly  always  distinct.  Phenomena  of  generalization 
soinetiuies  unnoticed,  but  when  present,  like  those  of  specific  fevers. 
Secondary  local  effects  on  the  tissues  very  niarke<i.  Duration  varia- 
ble, SDhietiines  quite  indefinite.     No  distinct  cutuneuug  eruption. 

This  class  includes  tuberculosis,  lupus,  syphilis,  rhino-scleroma, 
leprosy,  glanders  (anthrax  or  malignant  pustule  ?). 

Glanders  in  its  two  forms,  acute  and  chronic,  fonns  a  link  between 
this  group  and  that  of  the  specific  fevers. 

FiJ'fJi  clasg.  Miasmatic  Diseaaes. — Distinguished  by  the  peculiarity 
that  this  specific  p'Mson  habitually  exists  outside  the  hunmn  body, 
and  is  only  received  into  it  from  time  to  time.  It  is  also  not  commu- 
nicable, as  a  rule,  from  one  individual  to  another,  though  possibly 
under  some  circumstances  there  may  be  direct  transmission  (yellow 
fever). 

This  virus  is  sometimes  short-lived  in  the  human  body,  producing 
ail  acute  disease,  or,  on  the  other  hand,  it  may  exhibit  strong  vitality 
and  give  rise  to  a  lifelong  nudmly. 

Tliis  class  includes  .igue,  remittent  fever,  and  other  malarious 
fevers,  al.so  yellow  fever  and  dysentery. 

Strtlt  t'hiiit.  Mycosis  or  Vegetable  Parasitic  Diseases. — In  this 
class  tJie  virus  is  well  knnwn  and  recognixahle,  hut  the  disease  pro- 
dncetJ  has  reroived  less  attention.  These  disea.'irs  are  coniuiuniciihle 
from  one  part  to  another  of  the  surface,  whether  skin  or  murous 
membrane.  The  secondary  lesions  are  like  the  primary  ;  there  is  no 
generalization.  A  few  rare  cases  of  internal  disease  thus  produced  are 
known. 

This  cla.ss  includes  tinea  tonsurans,  or  ringworm,  tinea  circinata, 
favus,  pityriii.sis  or  tinea  veisicolor,  a,s  diseases  of  the  skin;  aphthie  or 
thrush  of  mucous  membranes,  actinomycosis  of  interaal  parts. 


CHAPTER    XXXIV. 


FIRSTJCLASS  OF  SPECIFIC  DISEASES      ACUTE  SPECIFIC' 

It  is  very   probable   tliat  all  diseases  of  this   class  are  caaM<ii  ^ 
living  organisms,  tbat  is,  by  some  speciee   of  bacteria.     T?n 
most  cases  these  supposed  agents   have  not  been   nctuallv 
exist,  the  coiif^ideration  of  those  wliicli  are  known    is  lieferrrii 
present.     The  laws  now  to  be  stated  are  valid,  wlit'i-vr  tii* 
adopted  as  the  cause  of  the  special  kinds  of  disease. 

Scarlatina. — The  poison   is  always  derived   from  a  previous 
the  tlisi-ase  in  man.  or  iiossibly  in  somt-  cases    frotu  cattle.     I»  tvM 
tiirougb  the  respiratory.  i>r  probably  sometimes  the  di::  « 

itieuibrane.     It  luuy  be,  but  very  rarely  is,  commuuicar.   .  i'^ 

tioii.  After  an  incubation  u.sually  of  six  to  eight  duj9,  sitmelM 
less,  it  shows  it.^elfin  inflammation  of  the  tonsils  and  a<?joining  fvii 
at  once  produces  fever,  and  simultaneously,  or  shorrlv  aflenri 
affects  the  skin,  producing  a  characteristic   rash.      This,  aloi  ~ 


Fio.  7.1. 
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luHentnintion  <•!'  iiiii(K*iilnr  iir.«ue  in  wiill  oi'  pbjirjrnx,  aiaaJ  \ff 
the  scnrlAtina  poiaon. 

a,  tait^-uinr  Glma  showing  lo»»  of  striation  and   hynline  iieg«acc*UiiBj 
nndi'i;   r.  leucocytes   from   inteniitinl    inflnmination ;   '',  hwlttijr 
oomiMuriBou. 
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fever,  IS  cvKleiice  ot  a  getioraiization  ol  the  poison,  it  atlects,  also, 
the  kidneys,  ail' I  soinctiuiesone  orinore  joints,  ami  to  .some  extent  the 
intestinal  mucous  membrane.  The  disense  is  acute,  InstiDg  one  or  more 
■weeks. 

The  poison  leaves  the  fjoiiy  by  the  skin,  by  «lesc[Uiimatioii,  being 
convevt'il  by  the  detiichefl  epidermic  scales,  and  pvohably  also  with  the 
urine.  There  is  no  evidence  of  its  passing  away  with  the  dejections, 
but  this  is  not  impossible. 

iJuring  the  attack  there  is  immunity  from  fresh  infection,  and  this 
immimity  hists  for  several  years,  or  through  the  whole  of  life, 

TIio  poison  maintains  its  vitality  for  weeks,  moiitha.  or  perhaps 
longer  on  e.xternal  objects,  such  as  dotliiini:,  which  have  boon  iti  con- 
tact with  diseased  persons.  Wliether  it  grows  or  multiplies  in  such 
conditions  is  not  known. 

Recent  researches  of  Power  and  Klein  make  it  probable  tliat  one 
source  of  the  poison  is  a  disease  of  cows  which  affects  their  milk.  The 
poison  would  then  be  a  distinct  species  of  microi')rgani.sni,  which  will 
be  s[i(tkcn  of  Liter. 

Morbid  Anatomy. — The  tonsils  are  swollen  and  inllamed.  some- 
times ulcerated  or  necrotic,  and  the  neighboring  parts  more  or  less  in- 
flamed (see  Fig.  73). 

The  ileum  .sometimes  shows  signs  of  inttamnuition,  the  Peyer's 
patches  being  swollen,  hypenemic,  and,  in  rare  cnaea,  ulcerateil.  The 
organs  most  charactenstically  affected  are  tlie  kidneys.  These  show 
intlauiiuatiun,  which  is  sometimes  not  distinguishable  from  that  pro- 
duced by  atlier  causes,  but  in  early  stages  shows  certain  characteristic 
features. 

The  lymphatic  follicles  of  the  tonsils,  those  of  tlio  neighboring  parts 
of  the  throat,  and  of  tlie  larynx  and  iracliea.  have  been  fdund  by 
Klein  to  show  marked  ehanges,  pajtly  inllamuiatory,  partly  degenera- 
ti^'e.  hitlammatorv  chan<'es  were  found  also  in  the  lymphatic  {jhmds 
of  the  neck. 

Scarlatinal  Nephriti*. — In  the  earliest  stage,  the  organ  is  enlarged, 
and  injected  with  bright  red  dots  or  patches,  which  usually  show 
points  of  hemorrlurge.  The  epithelium  is  eidargeii  in  a  state  of 
"•  cloudy  swelling."  so  that  the  tubes  are  partially  obstructed.  So  far, 
there  is  nothing  but  what  is  met  witli  in  most  febrile  diseases,  and  in 
cases  of  poisoning.  More  distinct  changes  are  seen  in  and  around 
the  Maljutgbian  tufts  and  the  aflerent  arterioles.  An  infiltration  of 
leucocytes  surrounds  tliese  structures,  showing  an  early  stttge  of  inter- 
stitial inthimmntion,  and  spreads  among  the  intortubular  connective 
tissue.  Tlie  llalpighian  tufts  are  usually  swollen,  hyjienemic,  and 
conspicuous.  They  show  multiplication  of  the  normal  nuclei  and 
degeneration  of  the  capillary  wall.  Collections  of  leucocytes  may 
also  be  seen  between  the  Maliiighiau  tuft  and  Uowman's  capsule,  and 
also  sometimes  fibrinous  material,  these  being  occasionally  sufficient 
to  compress  the  tuft.     Similar  leucocytes  arc  seen  sometimes  within 
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the  nuclei  of  the  muscles,  and  in  some  cases  the  arteriole  conuiu  b 
embolus  of  granular  material. 

Now,  summing  up  these  changes,  we  see  that  they  amount  to  iitfi» 
mation  of  the  Malpighian  tufts  and  arterioles,  affecting  the  walls  a: 
tissues  around,  which  shows  the  ordinary  type  of  vascular  exuduh! 
inflammation  with  abundant  leucocytes ;  while  the  epitheUal  stnirtore 
of  the  tubes  and  Bowman's  capsule,  and  the  endothelium  of  thev*- 
sels,  show  parenchymatous  inflammation  or  degeneration. 

These  changes  are  just  what  would  occur  if  an  irritant  orm-A: 
poison,  circulating  in  the  blood,  were  arrested  in  the  arterio-glonwi- 
lar  apparatus  and  excreted  with  the  exudation  from  the  Maipigbi 
tuft.  These  (glomerular  and  peri-glomerular)  inflammations  are.  iii 
word,"  the  track  of  the  morbid  poison  as  it  is  being  excreted. 

If  the  scarlatinal  inflammation  lasts  for  some  weeks  or  becooe 
chronic,  the  appearances  do  not  differ  from  those  met  with  in  otke 
forms  of  diffuse  nephritis  or  Bright's  disease,  showing  both  intersdai 
and  parenchymatous  inflammation.  Dropsy^  is  a  frequent  result  bod 
of  the  acute  and  of  the  chronic  kidney  affection. 

Klein  found  changes  in  the  arteries  of  tlie  spleen  similar  to  tt» 
described  above  as  occurring  in  the  kidneys  ;  and  also  changes  in  tt 
lymphatic  follicles  like  those  found  in  other  lymphatic  strurtnw 
Some  arteries  in  the  liver  showed  similar  changes ;  and  there  wu 
inflammation  of  the  interlobular  connective  tissue,  constituting  tfan 
interstitial  hepatitis. 

Measles. — The  poison  of  measles  is  always  derived,  in  our  exptfj 
ence,'from  a  previous  case  of  the  same  disease.  It  has  an  incuhatia 
of  seven  to  twenty -one  days.  The  first  effects  are  fever  and  K>n 
inflammation,  seen  in  the  nose,  where  it  produces  catarrh,  and  sprwi 
to  the  eyes  and  air  paj?sages,  while  usually  on  the  fourth  day  thecla* 
acteristic  rash  appears,  with  increase  of  fever.  This  fades  about  lb' 
sixth  day.  and  the  fever  declines.  The  chief  complications  are  \xAva 
mation  of  the  bronchi  and  lungs  (broncho-pneumonia),  sometimt^ 
diarrluon. 

There  is  thus  evidence  of  the  poison  being  w^idely  distrif'Utr 
through  the  body. 

The  jtoison  appears  to  leave  the  body  chiefly,  if  not  entirelv.  *i*J 
the  breath,  and  this  emission  is  most  marked  early  in  the  disease,  cvti 
on  the  second  day.  The  contagion  is  extremely  virulent,  so  tliati 
may  be  said,  there  is  no  protection  against  it,  except  a  previous  attac 
of  the  same  disease. 

The  passage  of  the  poison  through  the  body  pnxluces  a  defini: 
change  in  the  blood  and  tissues,  and  not  unfrecjuently,  in  chiltlM 
predisposes  to  other  diseases,  such  as  tuberculosis.  Measles  suppli* 
a  striking  instance  of  the  influence  of  inherited  immunity,  or  pirtii 
immunity:  so  that  while  in  countries  Avhere  it  is  common  it  is  usual! 
a  mild  disease,  it  is  a  very  serious  one  in  countries  or  amon>'  jKtpuli 
ticms  where  it  is  introduced  for  the  first  time,  and  produces  a  lar: 
mortality.     It  must  be  su])poseil  that  by  such    an    epidemic  the  jsu: 
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•ceptiltlf  imlivitliials  are  ^veedeU  out,  so  that  a  subsequent  infection 
>*otiM  (iinl  the  populutioti  lt>s  lifiljli-  to  tiie  iHscnse. 

Rotheln.  Rnbella.  or  German  Meitsles. — The  poison  is  believed  to 
be  uhvaVs  deiivcd  lnnu  u  previous  cyse  of  tli<>  snnio  disease.  The 
incubation  period  is  on  an  average  fourteen  days,  but  may  vary  from 
six  to  twenty-one.  A  >kin  erii]>tion  is  produced,  which  is  very  often 
the  first  sign  of  the  disease,  It  ksts  from  two  to  four  days.  Tiiere 
is  generally  slight  fever,  Avith  an  sdiuost  entire  absence  of  the  calurrlial 
syuiptoms  of  nieasie.?.  The  cervical  lymphatics  are  enlarged,  The 
disease  subside.*  in  about  a  week  and  leaves  no  sequela?.  It  is  dis- 
tinctly contagious,  aiul  the  contagtousness  lasts  for  a  month  or  more. 

The  tissue  changes  are  so  slight  tljat  nothing  can  be  said  about  the 
morbid  aimtoniy  of  the  di.-^nise:  one  attack  ]uolects  against  another 
M'itli  iibriost  absolute  certainly  :  but  it  afi'ords  no  protection  against  the 
contagion  uf  ujcaslfS,  nor  doi-s  nit-asles.  protert  fruni  it. 

The  last  named  fact  is  the  chief  evidence  of  the  distinctness  of  the 
disease,  but  the  symptoms  are  often  so  slight  that,  but  for  the  rash,  it 
would  liavdly  be  recoguizable  as  a  distinct  disease. 

Smallpox  or  Variola. — The  poison  is  always  derived  from  a  previ- 
ous ciu*e  I'f  the  ilisease.  It  uniy  be  inhaled,  or  nray  be  conveyed  by 
inocuhition,  the  course  of  the  disease  ilitfering  somewhat  in  the  two 
cases. 

If  conveyed  by  ordinary  infection  ami  received  with  the  breath,  the 
disease  has  an  iireubation  of  about  thirteen  days,  when  fever,  usually 
sudden  and  severe,  with  temperature  uf  104'-',  or  even  lUt)°,  oecure, 
and  is  followed  in  forty-eight  hours  by  the  rliaracteristio  eruption. 
liut,  before  this  comes  out,  rashes,  resembling  those  of  scarlatina  or 
measles,  are  sometimes  ."^een,  especially  in  vaccinated  subject.s.  The 
coming  out  of  the  true  ernption  is  accompanied  by  a  marked  temporary 
decline  of  fever,  the  temperature  often  falling  some  degrees,  thougn 
still  remaining  higli. 

The  eruption  is  at  fii-st  pa])ular.  then  vesicular,  then  pustular  and 
reai'bes  it.s  <h»velopment  in  eight  or  nine  days.  After  this  there  is 
another  increase  of  fever,  called  the  secondary  fever,  concurrently 
with  which  the  pustules  discharge  their  contents  and  form  scabs. 
After  this  the  disease  usually  begins  to  decliue. 

Inocnbited  smjill{>ox  differs  somewhat  fmui  the  disease  acquired  bv 
onlinary  infectinn.  The  period  of  latency  or  ineiibation  is  seven  or 
eight  <lays,  Un  the  sec<>nd  day  after  inoculation  a  small  papule 
shows  itself  at  the  seat  of  puncture,  which  oii  the  fourth  bec<5mes  an 
utnbilicated  vesicle.  On  the  seventh  day  this  has  formed  a  pustule, 
and  the  lymphatic  glands  are  swollen.  i)n  the  eighth  day  general 
symptoms  of  the  invasion  of  (he  ilisease  occur.  Two  <hivs  later  the 
inoculated  pus,tuleis  matured,  and  the  general  variolous  rash  appears. 
By  the  fourteenth  day  the  pustule  has  dried  uji. 

It  thus  ajqiears  that  the  progress  of  the  inoculated  is  the  same  as 
that  of  the  natural  di.sease,  except  in  the  shorter  period  of  incubation, 
and  in  being  milder  generally. 

In  both   forms  the  poismi   is  widely  di.stributed  tlirough   the  body, 
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being  containeil  in  every  vesicle,  and  in  the  scabs  or  dri< 
skin  wliirli  ntxi  slitd  ofl'  from  tlie  surface.      It  is  thus  multiplie 
extraordinary  ik'^ret*.     It   ali<o   undoubtedly  passe*    h^tf,  rlio 
from  the  skin  and  with  the  breath. 

Smallpox  is  thus  a  remarkably  contagious  <lisease,  and  uu' cjc 
gium  is  given  off  during  the  wholt-  couri»e  of  the  disease. 

Most  likely  it  m  couiuinnicable  froui  the  beginning  of  tl 
fever.      It   may   be   givc-n    by   the   breath    before    the  tru^ 
appeared.     It  continues   infectious  so  long  as   anv  dry  9ca,bs  *i 
emption  remain  adlierent  to  the  body:   a  single  breathing  of  tl»fl 
where  it  is,  is  enough  to  give  the  disease.     The   dead  boilj,  (Ion 
eral  days  after  death,  has  been   known  to   communicate  the  dii 
Clothe.s,  bedding,  etc.,  may  retain  the  infection  for  u  long  lime, 
thoroughly  purified  (Mjirson). 

Whether  the  contagion  can  be  spread  throu^^h    the  «ir,  fiir 
uotabie  distance,  as  from  one  building  to  ncother,  is  still  d&c 
though  recent  observations  of  Power  make  this  not  improbsbl*. 

The  boiJy  is  so  far  cluiugetl  by  receiving   the    variolous  poifton  I 
one  attJM-k  nenrly  idways  protects  against  subsequent  ones. 

Morbid  Anatomy  of  Smallpox. — The  only   important  point  in  I 
morbid  anatomy  is  the  structure  "f  the  smallpox  vesicle. 

The  anatomical  change  in  tlie  .skin  begins  with  the  formatinn  f^l 
round  swelling,  whicli  appears  outwardly  as  a  papule,  but  is  n-aK^.t- 
shown  by  Rindfleiscli.  in  the  epidermis  itself;  the  cells  of  the  .M«' 
pighian  layer  swc-lling  up  and  becoming  a-dematous.  This,  »iUi  »_ 
surrounding  circle  of  liypersemia.  constitutes  the  red  papulr  of  i 
first  stage.  The  next  change  is  the  depression  of  the  centr**,  form 
the  "  umbilication"  of  the  vesicle,  and  is  due  to  shrinking  of  the  oelU 
not  to  any  .s|»ecial  connection  with  the  hairs,  sweat-glands  or  othw 
structures.  By  more  copiou.s  exudation  the  outer  laver  of  fpidrrnitf 
is  raided  up  an<I  a  vesicle  or  bladder  is  formed.  But  since  this  cxniy 
tion  is  in  the  sul>.*!tance  of  the  epidermis,  not  beneath  it,  lb*  he 
layer  is  not  lifted  up  entire;  but  a  vacuohited  or  locular  stroc 
resuttiii,  which  m  very  chai-acteristic  of  the  smallpox  vesicle.  As 
e-xudation  increases  in  the  deeper  layers  of  epidermis  the  whdsl 
this  sti-ucturc  becomes  separated  fron  the  papilhe.  ,Vt  thf  - 
the  cellular  infiltration  affects  the  neighboring  part  of  the  o 
its  papilhe. 

In  the  tliird  stage  of  the  pock  the  exudation  becomes  purulent, 
the  purulent  infiltration  of  the  deeper  parts  causes    a   consider 
destruction  of  ti.s.sue,  residting  in  a  scar.     If  suppuration   does 
occur,  or  is  kept  within  narrow   limits,  the  amount  of  scarring  is 
slight. 

It  should  also  be  stated   that   the  exudation    or    lymph,  both 
variola  and  of  vaccinia,  contains  innumerable  spherical    bacteria! 
micrococci,  the  precise  connection  of  which  with  the  morbid  pi 
will  be  noticed  afterward. 

The  morbid  appearance,  of  internal  organs  after  death  from 
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e  not  ehiiriiL'tt'vistic.  Tlio  L'tunmonest  complication  is  infljimma- 
of  the  hirviix  iiii'I  traL-Iiea.  Next  tu  lliis  in  frotjitency  i"^  pleurisy. 
'  Yaccinia  or  Cow  pox. — The  poison  is  derived  Irnni  cows,  and  is 
contained  in  a  vesicuhir  erufitioii  un  tlieir  udders  mid  teats.  It  has  an 
incuhation  of  about  four  days,  after  which  papules  appear,  which 
become  vesicloa,  .ind  reach  their  acme  on  the  tenth  or  twelfth  day. 
The  crusts  fall  nfi"  and  the  disease  come.s  to  an  end  about  the  twen- 
tieth or  twenty-fourth  day  fmui  the  invasion.  The  general  disturb- 
ance is  .slight  or  unnoticed. 

The  [toison  contained  in  these  vehicles  is  called  vaccino-lyniph.  It 
I  may  be  communicated  to  man  by  inoculation,  but.  so  far  us  is  known, 
not  otherwise.  When  lymph  is  inserted  liy  puncture  into  the  human 
skin,  a  juipule  is  produceil  about  the  tliird  day,  which  becomes  a 
vesicle,  reacliing  its  acme  on  the  eighth  day.  After  this  some  evidence 
of  intianimation  (a  red  areola)  is  seen  around  the  vesicle,  and  some 
fever,  with  constitutional  tiisturbance,  occurs.  The  vesicle  forms  a 
scab  on  the  fourteenth  or  fifteenth  day,  which  falls  oB'  from  the  twen- 
tieth to  the  twenty-fifth  day.  In  some  cases  a  sliglit  general  eruption 
(erythematous,  papular,  or  vesicidar  1  is  prtHluced. 

Since  the  disease  may  he  conimunJcated  from  one  human  subject  to 
another,  lympli  from  human  vaccinia  may  be,  and  j^enerally  is,  used  to 
convey  the  poison. 

The  disease  is  practically  the  same  if  original  cow-lyuipJi  or  if 
'•  humanized  "  lymjih  is  used,  except  in  the  former  case  the  local  affec- 
tion is  usually  more  severe,  the  ilevelopment  is  often  retarded,  and 
desiccation  is  slower,  so  that  the  crust  is  oi'ten  retained  till  the  fourth 
or  fifth  week  (Marson.) 

This  disease  ci>nfcrs  an  immunity  against  itself,  which  lasts  for 
several  years  or  for  life.  It  also  protects  to  a  large  extent  against 
smallpox,  so  that  a  recently  vaccinateil  individual  cannot  take  that 
disease;  many  persons  are  thus  renderetl  insusceptible  for  life,  and 
other's,  if  they  take  the  disease,  have  it  in  a  mild  form,  so  that  the 
propoitiou  of  fatal  cases  in  vaccinated  is  very  greatly  less  than  in 
unvaccinateii  persons. 

The  degree  of  immunity  produced  is  found  to  be  in  direct  propor- 
tion to  the  severity  of  the  local  affection  originally  produced  by  vac- 
cination. Wiien  the  latter  operation  liiks  been  very  comp>letely  done, 
the  immunity  against  variola  is  nearly,  if  not  ijuite,  eijua!  to  that 
conferred  by  a  previous  attack  of  variola.  By  re-vaceination  almost 
complete  protection  is  afforiled. 

The  question  whether  the  poisons  of  vaccinia  and  variola  are  the 
same  is  a  very  important  one. 

It  was  shown  by  Ceely  that  the  variolous  contagion  might  produce 
in  cattle  a  local  disease  iilentical  with  spontaneous  cow-pox,  and  that 
the  virus  thence  derived  produced  the  same  phenomena  in  the  human 
subject. 

It  would  ajipear,  then,  that  variolous  virus  by  passage  through  the 
cow  acquires  the  property  of  producing  a  mild,  almost  local,  affection 
instead  of  a  very  grave  constitutional  disease ;  and   that  this  milder 
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disease  produces  nearly  the  same  immunity  against  the  more  ms 
form  as  a  previous  attack  of  the  latter. 

It  should  be  remembered  that  the  disease,  as  affecting  cotr$,  istm-j 
ferred  from  one  to  the  other  by  the  intervention  of  the  milbaaV 
hands,  and  probably  through  lymph  from  the  cow-pox  sores  prodsail 
on  these.  Hence  the  so-called  direct  cow-lymph  has  cenerally.  if  k 
always,  been  passed  through  the  human  system.  It  is,  therffet 
probable  that  cow-pox  was  originally  nothing  more  than  »mallfa1 
transmitted  to  domestic  cows,  and  maintained  by  the  relation  of  tm ' 
and  their  milkers. 

Nevertheless  this  conclusion  is  not  universally  admitted.  Kla 
Chauveau,  and  others  have  not  confirmed  Ceely's  results,  hiTrt| 
entirely  failed  to  produce  cow-pox  in  calves  by  inoculation  of  hona 
variolous  matter. 

A  similar  affection  is  known  affecting  the  hocks  of  horses,  vbiik 
may  be  transferred  to  the  hands  of  farriers  and  thence  to  other  hwsa 
in  the  same  way  as  cow-pox  by  the  hands  of  milkers.  The  prinaple 
of  vaccination  is  of  great  importance  in  general  pathology,  hinns 
been  lately  extended  to  other  diseases,  notably  to  anthrax. 

Varicella  or  Chicken-pox. — The  poison  is  always  derived,  in  on 
experience,  from  a  previous  case  of  the  same  disease.  It  is  probtblt 
but  not  certainly  known,  that  the  poison  is  inhaled  with  the  breath. 

The  incubation  is  probably  about  fourteen  days  (Gee). 

On  the  first  day  of  illness  an  eruption  appears,  in  the  form  of  nd 
spots,  soon  becoming  vesicles,  and  lasts  four  or  five  days.  The  acton- 
panying  constitutional  disturbance  is  very  slight,  but  there  is  som*- 
timcs  considerable  subsequent  cachexia. 

A'aricella  has  never  been  successfully  inoculated.  It  is  probabk 
that  the  poison  is  given  off*  from  the  skin,  and  with  the  breath.  Tk 
disease  is  quite  distinct  from  smallpox;  the  infection  of  one  netff 
produces  the  other,  and  tliey  confer,  mutually,  no  imuiunitv.  It  ij 
unaffected  by  cow-pox  vaccination.  One  attack  is,  however,  abso- 
lutely protective  against  a  second. 

In  rare  cases  the  varicella  orui)tion  goes  on  to  form  deep  ulcerate<i 
sores,  called  Varicellu  gangnvnosa,  formerly  known  as  Kupa 
escliarotica.  Tlii.s  form  is  sometimes  fatal,  but  is  then  ncarlv.  if  niH 
(juite  alwavs,  complicated  with  tnherculosis.  The  simple  formi-*  never 
fatal. 

TYPiirs. 

Synonyms :  Petechial  Typhus  or  Spotted  Fever. — The  poison  i? 
now  belie\ed  by  most  patli()h)gists  to  be  always  derived  by  infecti'.-n 
from  a  jirevious  ctise.  It  lias  been  thought  to  be  directly  generateJ 
by  dirt,  overcrowding,  etc.,  but  the  recent  hi.story  of  epidemics  make* 
it  improbable  that  these  are  more  tlian  predisposing  causes. 

The  virus  outside  the  bo<ly  a]»i»('ars  to  maintain  its  vitality  onk 
among  decouiposiiig  animal  matters  and  where  the  air  is  stagnant  (in 
tliis  respect  resembling  the  C(mimon  mouhls),  and  is  rapidly  destroveJ 
by  free  access  of  fresh  air,  or  by  soaking  in  water. 


ptM'Jud  uf  ini;ubali(jn  of  uiicfitfiiii  k-rjf;th  Jiud  urobablv  viiriable. 

It  rapidly  becomes  generalized,  producing,  about  the  fourth  ur  fifiU 
day,  a  macnlar  eruption  which  soon  becomes  petechial,  from  the  escape 
of  blood  or  blood-pigment. 

The  vims  is  reninrknbio  for  the  itrofiuind  changes  ■which  it  imluces 
iti  the  blood  uioic  cspeciiilly,  and  also  in  the  tissues.  The  special 
ftymptoms,  besides  fever,  viz.,  nervous  deraiigenients  and  ti.-isue-degen- 
emtions,  are  probably  largely  due  to  the  poisonou.s  effects  of  the 
products  of  decomposition  thus  set  free.  The  .specific  virus  is  at  the 
BJime  time  largely  inultijdie<I. 

Hecent  chemical  researches  on  putrefaction  suggest  that  these 
poisonous  substances  are  probably  of  the  nature  of  [itomaines  (p.  311.) 

The  immediate  effect  of  tlie.se  chemical  chatiges  u|i])ein's  to  be  an 
alteration  in  the  osmotic  properties  of  the  blood.  Hy  this  the  inter- 
change of  material  between  the  blood  and  aliment.irv  canal  is  inter- 
fered with.  From  this  arise  dryness  of  the  mucous  membrane,  arrested 
socretioti  of  saliva  and  gastric  fluid,  diminished  excretion  of  chlorine 
(as  chlorides)  by  the  uritie.  etc. 

Another  effect  of  chemical  change  is  altered  metamorphosis  of 
tissue,  shown  by  the  secretion  of  an  excessive  quantity  of  urea,  and 
qualitatively  by  the  presence  of  new  producL>*  in  the  secretions.  TJiere 
i;*  also  a  jieculiar  odor  in  the  skin  and  mucous  membrane,  which,  in 
the  absence  of  chemical  proof,  serves  as  evidence  of  .some  similar 
change  (Huchanan). 

Such  changes,  frmnd  to  .some  extent  in  all  febrile  diseases,  are  jier- 
haps  more  marked  in  ty[>hus  than  in  any  other,  except  in  plague. 
Tlie  duration  of  the  disease  i.s  from  fourteen  to  twenty-one  days. 

The  virus  leaves  the  body  undoubtedly  with  the  breath,  since  well- 
marked  itistuuces  of  infection  by  inhaling  the  breath  of  a  typhus 
patient  are  recorded  ;  and  probably  by  the  skin  also. 

It  becomes  diffused  in  the  air  around  tlie  patient,  but  ajiparently 
less  widely  than  in  some  other  diseases,  .since  rather  close  proximity 
or  contiict  is  necessary  to  convey  the  infection.  It  becomes  attached 
to  clotlies,  bedding,  etc.,  and  may  l)y  these  be  communicated  in  the 
absence  of  the  [latient.  How  long  it  may  thus  retain  its  vitality  is 
unknown  ;  hut  the  duration  of  contagiosity  by  such  means  is  far  less 
considerable  than,  for  instam-e.  in  the  case  of  scarlet  fever.  A  person 
not  BuftorJng  from  the  disease  (either  because  he  has  had  it,  or  because 
he  is  insusceptible)  njay  be  the  carrier  of  the  ditieiise  to  others,  as  has 
been  observetl  in  memorable  epidemics  of  "jail  fever." 

Immunity  is  generally  given  by  one  attack,  but  a  few  authentic 
instance.*!  of  secund  attack  are  on  record. 

The  nature  of  the  virus  is  n'>t  known,  and  has  l»een  little  studied, 
ns  of  late  years.  &ince  the  introduction  of  modern  methods  of  re^e.nrch, 
the  ilisease  has  been  rare. 

Uorbid  Anatomy  of  Typhus. — The  chief  changes  are  in  the  blood, 
which  i.s  iiiiijerlectly  coaguhiteiL  dark -colored,  readily  undergoes  decom- 
positioD,  and  stwins  the  ves-i^els  <leeply.     Tlie  spleen  is  soft  and  often 
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large.     The  lungs  generally  show  deep  congestion,  especnil)  c  ;^| 
posterior  parts  iiiul  the  bases,  antl  nre  often  friable. 

The  muscles  are  noticeable  by  their  dark  color  and  scfliie*;  i 
substance  is  doubtless  degenerated,  but  has  not  often  betn  wa 
examined. 

All  these  changes  are  evidence  of  the  profound  degenetuiiotii) 
bloixl  and  tissues  caused  hy  the  typhus  poison,  though  thcrr 
little  or  no  special  localizittioa  of  the  disease  in  any  one  organ*] 

Typhu3  has  a  rather  liraited  geographical  distribution.     It  h\ 
commoner  in   the   British  Isles  than  anywhere    else,   and 
common   in   Ireland.     Next  come  those   English  and    Scouii 
which  are  most  frenucnted  by  Irish  immigrants.       But  of  Ulc ' 
has  been  nearly  extirpated  in   England   by   the    "•  Common 
Himses  Act."  wliich  enforces  sanitary  precautions  and  preveriL*  f^ 
crowding  in  those  haunts  of  the  poor.     On  the   Continent  of  Ear 
it  has  not  l>een  common  during  this  century,  though  epitleinia 
occurred.' 

TYPHOID    FEVKR, 

iSynonym  :  Enteric  Fever. — The  virus  can  e.xist  outside  the 
especially  in  deconifiosing  uniuiftl  matters  and   polluted   water,  orl 
uiilk.     It  is  gctieraily  taken  in  with  water  or  food  ;    hut  pn»l»ablTi 
enter  by  tlie  resiiirutory  organs  also.     It  has  an  incubntion  of,  pro'l 
fourteen  to  tweuty-onc  days. 

Fever  is  pnxlueed,  which  rises  regularly  for  u  few  days. 
M'eek  or  more  the  characteristic  eruption  appears.  There  is, 
this,  evidence  of  the  general  distribution  of  the  virus  thmui'boat 
body,  in  the  affeclion  of  the  nervous  system,  tlie  rausele*!,  *nd  ^ 
secreting  organs.  The  ilisease  ileclines  gnidually.  lusting  thre«  •eii 
or  more.  There  i.s  no  doubt  that  the  poison  leaves  the"  body  br  ^ 
intestinal  discharges,  and  is  thus  conveyed  into  the  soil  or  water.fniB 
which  it  is  taken  into  the  bodies  of  other  persons,  .iml  in  them  rfpfo- 
duces  the  disejise.  There  is  no  evidence  that  it  is  thrown  off  bv  tk 
skin  or  tl»e  breath.  Hence  the  disease  is  very  slightly  contaeio'uJ 
persons  surrounding  the  pmtieut. 

Though  it  was  once  thought  that  the  poison  might    be    repr 
de  novo  in  decomposing  excrement,  or  even  other  animal  matteri 
nected  with  cases  of  the   disease,   recent  researches    and  discove 
strongly   confirm    the  belief   that   it   is  strictly  specific    and  all 
derived  directly  or  indirectly  from  previous  cases.      Whether  ihe' 
actually  grows  and  nniltiplies  outside  the  body,  or  only  keeps  alive^ 
a  eonditiitu  fit  for  reinfection  in  the  human  body,  mus't   be  considfl 
as  undetermined,  but,  at  all  events,  one  case  may  give  rise  to  man] 


■  Even  in  the  liut  century  John  Hownrd.  the  reformer  of  pHsnnsi.  rCh=itTT,'A  (bj 
English  "  jnil-fevcr"  was  nWnt  in  Confinoutnl  prisrins, though  Ihnir 
WM  iiji  liml  n«  nnylhinc;  in  ttiii  (Muntry.     When,  however,  typhtw  ton 
n|>)x»:iran<^>-  in  Eiin>|>e  ut  (he  l>eu;inuing  uf  the  tixtei-iith  CAiiinrT.  jt  TUXn 
McHltternmeiin  jind  «prea(i  nnrthwnrd. 
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seems  lJi.it  the  feces  are  at  fir.at  inn«ciiou.s,  or  nt  leust  do  not  give 
off  any  voiarile  infecting  suhstiince,  liVIiether  a  full  dose  of  recent 
typhoid  stools  taken  into  the  digestive  organs  would  produce  the  disease 
is  a  question  not  _vet  resolved  (so  far  as  I  know)  by  experiment.  But 
when  the  feces  have  undergone  decouipusition.  they  certainly  contain 
le  typhoid  poison,  and  will  reproduce  the  ilisewse  in  other  persons  if 
iken  inti»  the  atinientitry  canal,  or,  as  suine  think,  through  the  respira- 
tory organs  also.  Tiie  evidence  as  tu  this  poison  being  a  micro- 
organism will  be  given  later  <jn. 

All  evidence  shows  that  the  spread  of  the  disease  is  chiefly,  or 
almost  entirely,  connected  witli  the  arrangements  for  the  removal  of 
excrement,  i.  e.,  with  scM'erage :  and  with  the  conseijuent  pollution  of 
water  or  of  milk-supply  from  this  source,  or  with  the  euumation  of 
sewer  gjises. 

Morbid  Anatomy  of  Typhoid  Fever.^Tlte  most  eliaracteristic  and 
al>sohjteIy  constutit  lesion  found  in  the  body  after  death  is  an  aflection 
of  the  solitary  and  agminuted  glands  (Peyer's  patches)  in  the  lower 
part  of  the  ileum,  the  ciecum,  and  sometimes  the  colon.  As  the  dis- 
ense  usually  entei-s  the  body  by  the  intestinal  tract,  this  is  probably 
the  point  of  inoerdation. 

The  earliest  change  observed  is  swelling  of  these  glands  with  sur- 
rounding hyperaimia.  The  Peyer's  patches  form  iliittcned,  oval 
masses,  projecting  one-eighth  of  an  inch  or  more,  with  the  margin 
still  more  e!evate«i ;  the  .surface  being  leticulated  ur  sotiietimes  dotted 
in  appearance,  or  showing  njerely  an  irregular  uianimillated  surface. 
The  intercurrent  '.iI<Hjdve.sseIs  are  greatly  dilated  and  injectetl. 

The  solitary  follicles  are  less  constantly  affected.  When  they  are 
they  form  shotty  projections,  frotu  one-eighth  of  an  inch  to  nearly 
one-fourth  of  an  inch  across. 

These  changes  are  always  most  advanced  close  to  the  ileo-caecal 
valve  and  less  so  the  greater  the  distance  from  that  point. 

This  swelling  depends  upon  great  hyperplasia  of  the  lymphatic 
elements,  whetlier  derived  from  the  bfoo'l  or  hy  ceU-prrdiferation  •  n 
the  spot.  The  new  elements  are  tnostly  somewhat  larger  than  normal 
lymphatic  corpuscles.  This  lymphatic  hiHammation  con.sritutes  the 
first. staije.  The  cellular  infiltration  exteiiils  beyond  the  follicles  to  a 
certain  extent;  downward  into  the  submucous  tissue;  but  very'  little 
laterally,  beyond  the  Peyer's  patch.  It  attains  its  ma.Kiuuim  after  a 
week  (on  the  ninth  or  tenth  day — Bristowe). 

Second  Stage. — The  lymphatjc  masses  next  undergo  nccrosw.  The 
mass  becomes  yellower  and  more  opaque,  and  finally  the  lym[diatic 
follicles,  with  some  surrounding  tissne  and  with  the  epithelium  cover- 
ing them,  break  down,  either  piecemeal,  or  so  as  to  form  one  large 
slough.  In  the  former  csisc,  partial  or  raggeij  ulceration  results  (see 
Fig.  74).  In  the  latter  cu.se  the  ejiithelium  falls  off,  but  the  mass  of 
necrotic  tissue  remains  in  the  form  of  a  slough,  stained  deep  yellow 
or  brown  by  the  intestinal  contents,  and  separated  by  a  clear  line  of 
demarcation  from  the  congested  surrounding  tissue,  II  is  then  cast 
off,  perhaps  in  one  piece,  perhaps  in  fragments.     The  necrotic  proce*" 
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occupies,  rouglily,  another  week,  so  that  the  separation  of  ibt  •;%;:. 
takes  place  in  the  third  week.  It  is  possible  there  mav  l»e  «  |«»<a 
of  simple  resolution  without  ulceration,  but  this  must  be  rare. 


fomnioiiciHs!  fyphoiil  ulctrnlion  of  Peyer's  fiatcb. 

«,  mucous  merabnine;  A,  «iihniiicouB;  c,  mueculnr  coat ;   </.  coBHiM'iunf 

ulcer,  vritli  lymphatic  intiltratinn  beneaih  it. 

TJiird  8ta(/e.      Ulceration. — The  ulcer  thus  forme*!   appeantotk 
nuked  eye  to  have  a  tolerably  smooth  floor.     The  edges  often  o«^ 

Fio.  76. 


k-:'^ 


lii- 


t!^. 


^•A 


Ty])luiii)  uli-enitiori  of  »  Psyer'-  |iiilcli  in  «Nxm<l  st«j^. 
Mucous  ii'iit,  showing  |*artiu]  di^mtegration  of  i)iuct^u«  rrypls  mui)    .i    - 
muBOD  of  necrotic  tissue  :  r,  diliile<l  aud  i»n);orjfc<l  bWxidvi-ssel*:  L,\yui\' 
tion  iu  «ubniiic»us  tin^iK* ;  m,  inuvculxr  eont. 

hang  to  a  certain  extent.     There  is  no  giailuiil  «le!<c«'nt   a«  '    ' 
(often  seen  in  tubercular  ulcers).     It  may  involve  the  whole  !■ 
Peyer's  [mtcli :  it  »loes  not  iiMUsilly  exten<l  deepev  thnn  the  sut 
coat :  but  sotiictiiues  the  uiusculur  coat  may  be  seen  on   the  flL«>i.  adu 
more  rarely  this  is  destroyed  also,  so  that  the  peritoneum  alone  fo<»» 
its  base.     In  the  solitary  glands  the  lymphatic   follicle.'*   and  a  littV 
beyond  are  involved,  and  the  process  is  essentially  the  Ka.nic. 
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0  dangers  arise  in  deeji  ulcers.  Copious  hemorrbage  from  the 
ulceration  of  a  small  artery>  or  perforation  from  necrosis  of  the  serous 
cout.  The  latter  may  produce  peritonitis  and  other  obvious  results, 
but  may  be  checked  by  iidhesions. 

Since  the  progress  above  dcs^eribed  is  limited  to  the  agtninated  or 
solitary  follicles,  the  resulting  ulcers  are  oval,  with  the  longer  axisi  it; 
the  direction  of  the  bowel  and  situated  remote  from  the  mesenteric 
attach ment,  or  smaller,  round,  and  scattered. 

In  rare  cases  irregular  ulceration  extends  laterally  from  the  Peyer's 
patches,  involving,  it  may  be,  a  large  part  of  the  transverse  section  of 
the  bowel ;  but  this  ulceration  is  much  more  superficial,  and  thus,  as 
well  as  by  the  shape,  readily  distinguished  from  the  normal  process. 
It  occure,  in  the  writer's  experience,  only  in  very  protracted  cases,  or 
when  there  has  been  relapse. 

Typhoid  ulcers  heal  by  granulntJon  and  become  covered  Avith 
epithelium,  hut  the  lymphatic  stnictttres  are  appnrentiy  never  restored. 
The  scar  is  thin,  transparent,  flexible,  and  does  not  lead  to  contrac- 
tion of  the  bowel. 

Cicatrization  does  not  begin  till  after  the  third  week,  and  occupies 
au  uncertain  time,  probably  several  weeks. 

The  mesenteric  glands  connected  with  the  affected  portion  of  intes- 
tine undergo  changes  histologically  the  same  as  tliose  of  the  intestinal 
follicles.  In  the  early  stage  they  are  vascular  anil  swollen  by  lym- 
pliatic  liypertrophy.  In  later  stages  they  are  pale,  yellow,  and  necrotic. 
Simple  resolution  is  the  ordinary  termination  of  the  process,  but  there 
may  be  caseation,  or  very  rarely  sijppiir;itioM. 

The  process  above  described  has  si>me  points  t*f  affiruty  with  the 
production  of  intlammntoiy  new-growths,  such  as  tubercle,  etc.  New 
elements  are  formed,  which  are  somewhat  more  permanent  than  those 
of  acute  inflammation,  living  for  days  or  weeks,  but  then  die  and 
break  up,  so  tfiat  they  arc  less  permanent  than  those  of  the  infective 
griinulomatii. 

Other  Organs  Affected. — \  very  constant  change  in  typhoid  is 
parenchymatrms  tiegeneration  or  cloudy  swelling  of  granular  epitlie- 
liuni,  seen  more  or  less  in  most  febrile  complaints.  This  is  very 
obvious  in  the  kidneys  and  in  the  liver,  producing  charactertistic 
changes  such  as  are  represented  in  Fig.  31.  Both  organs  are  increased 
in  size. 

The  spleen  is  almost  constantly  enlarged,  soft,  and  dark-colored. 
It  shows  general  lyuiphatic  hyperplasia,  withowt  characteristic  features. 

Ulcenittoii  or  necrosis  of  the  larynx  soinetimes  occurs,  but  its  fre- 
quency varies  mucli  in  different  epidemics.  Inflammation  of  the 
tnucous  membrane  of  the  stomach  is  common  in  typhoid,  as  in  other 
acute  febrile  diseases  (Fig.  T'i). 

Muacle-degeneration  in  Typhoid  ;  Myositis  Typhosa. — This  change 
is  seen  chiefly  in  tlie  adductors  of  the  thigh  and  in  the  recti  abdomi- 
nis, but  also  elsewhere.  It  consists  of  three  processes:  (1)  Intersti- 
tial inflammation  ;  [2)  Degeneration  of  muscular  fibres ;  (3)  Regen- 
eration of  the  same.     The  first  two  must  be  resiarded  as  simultaneous 
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efTeots  uf  tlio  typhoid  poison  acting  on  different  tissues,  the  last  as  %\ 
8ulj!<eLHifiit  pfocejis. 

Fio.  -»5. 


Giuilriiia  in  (ypliuid  lever  (C'dhml  aud  Raktisb). 

a,  a,  gastric  glundf;  i',  n,  eiigiirgcd  blcMidvessuh;  A,  arterioles ;  n,  n,  aiid/j, 

lyniphntir  iiifiltrntii)n  of  «ubraucou8  tissue ;  m,  inuKiilarcout. 

1.  A  .smnll-celled  infiltration  ia  seen  in  the  interstitial  connective- 
tissue  of  tlie  miiselo,  whlclu  wliatever  may  W  the  origin  of  the  celU, 
is  clearly  nothing  more  than  ii  inodcnite  degree  of  in  Ham  mat  ion. 
Kiiultieiseh  ha'*  pointed  out  that  the  celts  are  somewhat  larger  than 
ordinary  lymph  or  |jus-corpuscles,  and  that  this  process  ia  thus  com- 
panihle  to  the  lymphatic  ]iypei^)hisiii  of  the  intestines  and  glands 
ahove  descriljed. 

2.  Many  muscular  fibres,  but  not  all,  undergo  a  peculiar  form  of 
degeneration.  After  passing  through  a  stage  of  cloudy  swelling,  the 
muscle-substance  loses  its  striation,  and  become.*  translucent,  hyaline, 
or,  as  it  is  called,  vitreous.  The  change  is  somewhat  similar  to,  but 
more  marked  than,  that  shown  in  Fig.  7'3  as  the  result  of  the  scarla- 
tinal poison.  These  swollen  and  vitreous  fibres  break  up  into  p<:>lv- 
gonal  niiLsses,  probably  through  the  contraction  of  neighboring  fibres, 
which  are  not  affected.  Rupture  of  large  bundles  sometimes  occurs, 
pi-oducing  heuiorrhage  or  akscess. 

3.  The  degenerated  fibres  are  slowly  absorbed,  but  in  the  meantime 
there  are  always  seen  along  with  them  certain  other  fibres  clearly 
iuunature  or  iiewlv  formeil,  showinii  that  a  rciieneration  of  muscular 
tissue  is  taking  place.     This  new  formation  takes  place,  apparently 
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>m  the  persistent  muscle  nuclei  ami  within  the  parcolemma  (but 
tliere  is  some  iliflerence  of  opinion  on  this  point).  If  so.  it  is  com- 
parable to  the  regenerjition  of  fibres  after  other  inHaiiiinatinn  shown 
in  Fig.  '22.  But  the  whole  of  the  (lestroyed  tissue  is  not  always 
restored,  f»o  that  a  gap,  partly  filled  by  fibrr>us  tissue,  remains. 

The  lungs  and  air-jmssj^ges  are  often  affected  in  typhuid.  Bron- 
chitis is  very  commoji.     There  is  sometimes  a  liy[iostHtie  piieunmnia. 

Tlie  nervous  system  is  widely  an»l  injuriously  afl"eete«I  !iy  the 
typhoid  poison,  as  is  shown  not  only  by  nervous  prostration  and  other 
symptoms  of  the  disease,  but  by  the  serious  sequelte — paralysis^  insanity, 
etc. — ^whidi  .sometimes  follow. 

Relapsiiig  Fever,  Spirillum  Fever,  much  resembles  typhus  and 
typhoid,  and  was  fornierly  confoun«le(t  with  them.  The  source  ami 
lialiitat  of  the  virus  outside  tlie  body  are  unknown.  It  enters  the 
body  either  with  food  or  air;  with  wliich,  is  tis  yet  uncertain. 

But  it  has  been  shown  by  Carter  that  it  is  inoctiiable,  by  menn.s  ot 
the  blood  of  an  affected  person,  into  monkeys,  and  from  these  to  other 
tnonkeya. 

The  incubation  period,  wjien  inoculated,  is  about  two  to  five  days. 
The  len<rth  of  incubation  when  otherwise  acrjuired  is  uncertain. 

The  fever  produced  is  ri-markable  for  its  disctuitinuity,  showing 
several  relapses.  The  hlood  during  the  crises  contains  a  specific 
organism,  a  spirwIuHe.  It  is  not  known  to  be  contained  in  the  secre- 
tions, so  that  ihc  ultimate  fate  of  the  virus  ts  unknown. 

Decomposition  of  blood  and  tissue-changes  are  much  less  marked 
in  this  fever  tlian  in  typhus  and  otiiers. 

liad  sanitary  conditions,  es[iccially  starvation,  strtjngly  predispose 
to  the  disease ;  hence  it  has  been  called  Famine  Fever. 

Plague  ;  Oriental  or  Bubonic  Plague. — The  jwison  of  this  disease 
is  evidently  analogous  to  that  of  typhus.  It  retains  its  vitality 
outsiile  of  the  body  in  places  where  there  is  much  decomposing  ani- 
mal matter,  and  is  hence  remarkably  fostered  by  tincleanlines;*, 
Avhiie  abundant  fresh  air  and  fresh  water  appear  to  be  the  most 
efficient  agents  in  destroying  the  poison.  It  appears  to  resemble  the 
organisms  which  proiluce  putrefaction,  since  the  changes  which  it  seta 
up  in  the  human  body  have  some  resemblance  to  putrefactive  changes. 
It  is  communicable  from  one  per9i>u  to  another  by  direct  contagion, 
and  .also  adheres  to  clothing  and  other  articles,  ami  in  a  special  man- 
ner to  buildings.  In  some  places  it  preserves  its  vitality  from  year  to 
year  in  houses,  anti  even  souietitues  apparently  in  the  .soil,  so  that  it 
is  to  some  extent  a  miasmatic  disease  as  well  as  contagious. 

It  has  often  been  conveyed  from  one  country  to  another  by  infected 
persons,  and  probably  also  by  infected  objects. 

As  in  the  case  of  typhus,  a  person  not  suffering  from  the  disease 
may  be  the  vehicle  of  contagion.  It  is  thought  that  the  poison  may 
retain  its  vitality  for  months  or  years,  but  this  is  uncertain  except 
■where,  as  stated  above,  it  is  miasmatic.  Infection  may  be  conveyed 
by  a  dead  body.  The  general  laws  of  contagiosity  of  plague  closely 
resemble  those  of  typhus. 

22 
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The  fieriod  of  inculiation  is  usually  a  Aveek,  hut  may  he  less — even. 
it  is  thought,  less  than  twenty-four  hours.  It  produees,  in  the  human 
hody,  high  fever  anil  decomposition  of  blood  uiid  tissues,  like  those 
produeed  in  typhus,  but  more  nuirked.  The  most  striking  evidence 
of  these  changes  is  that  free  sulphuretted  hydrogen  gas  was  found  in 
the  blood  of  living  patients  by  French  pathologists  in  Egypt.  There 
is  no  ehnrficteristic  eru[itioti,  but  dark,  heni(»rrhagic  patches  often 
come  out  nn  tlie  skin  in  lute  stages — the  so-eallcd  "tokens,"  usually 
presaging  death. 

No  disease  is  more  influenced  in  its  epidemic  occurrence  by  temper- 
ature than  plague.  In  temperate  climates  the  vitality  of  the  poison 
is  usually  checketl  by  the  cold  of  winter,  though  it  may  be  kept  alive 
in  houses  by  artifirijil  warmth.  On  the  other  hand  an  air  tempera- 
ture of  85°  at  once  checks  the  diftusioii.  ami  »<rie  of  over  110"  kill 
the  jHtisnn  nutright. 

Morbid  Anatomy  of  Plague. — The  gcnenil  appearances  closely 
resemble  those  of  typhus,  with  even  more  marked  .signs  of  decompo- 
sition. The  great  difference  is  that  lymjdiatic  infiamniations  or  buboes 
are  almost  always  found  in  plague,  and  are  rare  or  exceptional  in 
typhus. 

The  geographical  distribution  of  plague  is  most  remarkable,  and 
this  alone  would  show  it  to  be  specifically  diffeient  from,  and  not 
merely  ii  variation  of,  typhus.  It  is  unknown  in  the  tropics,  and  in 
temperate  climates  suited  to  it  has  a  very  limited  range.  Formerly 
it  occurreil  freipiently  in  various  parts  of  Europe,  and  at  the  bogiu- 
ning  of  this  ceninry  was  almost  constantly  present  in  Turkey,  Kgypt, 
and  Asia  Minor;  but  it  is  now  entirely  extinct  in  those  countries,! 
and  is  not  found  in  Asia  west  of  the  border-hvnd  of  Persia  and  Meso- 
potamia. Certain  parts  of  Northern  India  and  Southern  China,  with 
Bcattercil  spots  in  North  Africa  and  Arabia,  are  the  only  other  known 
stations. 

ASIATK'   CHOLERA. 

The  proof  that  cholera  is  a  specific  disease  rests,  in  the  first  place 
ou  its  liLstory  and  geography.  The  disease,  as  now  known,  ia  first 
recorded  in  an  epidemic  i'wm  as  having  occurred  in  1817  in  Bengal. 
though  the  im{>erfection  vi'  Indian  records  does  not  permit  us  to  say 
how  long  it  may  have  previously  existed  a.s  a  local  disease.  At  all 
events  it  fii-st  appeared  at  this  ijate  as  a  spreading  disease;  shortly  • 
afterward  it  extended  throughout  India  and  to  Bttrmah  and  China, 
and  in  I^'lit*— '30  through  Russia  to  the  whole  of  Europe,  and  thence 
to  America.  In  the  successive  recurrences  of  cholera  since  that  time 
it  has  in  like  manner  sprwid  from  its  original  home  to  other  countries 
which  it  lias  colonized,  so  to  speak,  for  one  or  several  years,  rarely 
more  than  three;  but  it  has  not  taken  permanent  root  in  Europe, 
Africa,  or  America,  nor  apparently  in  any  f>art  of  Asia  except  India. 
We  regard  it,  then,  as  a  disease  indigenous  in  Lower  Bengal,  and 
specially  in  the  tlelta  of  the  Ganges,  but  elsewhere  as  an  exotic. 
These  facts  would  be  almost  enough  to  show  that  the  disease  is  specific. 
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since  climates  like  those  of  Bengal  in  other  parts  of  the  world  do  not 
produce  it,  and  this  conclusion  is  confirmed  by  the  manner  of  its 
extension,  which  always  accompanies  and  is  marked  out  by  the  lines 
of  human  intercourse.  We  conclude,  therefore,  that  the  poison  is 
carried  by  man,  and  probably  almost  always  by  people  actually  suffer- 
ing from  the  disease.  This  law  is  sometimes  obscured  by  the  fact 
that  the  poison  appears  to  require  some  incubation,  passing  first  into 
the  soil  and  then  into  other  human  bodies.  It  rarely  or  never  passes 
directly  from  man  to  man  through  the  air,  though  some  think  that 
.  this  may  happen  in  ill-ventilated  rooms  crowded  with  cholera  patients. 

When  patients  convey  cholera  to  a  fresh  place  or  country,  it  is  then 
usually  by  infecting  the  soil,  and  the  results  of  this  infection  may  not 
be  apparent  for  some  time  after,  or  even  not  till  the  next  year.  There 
is  little  doubt  that  the  poison  is  contained  in  the  intestinal  discharges, 
but  opinions  diifer  as  to  whether  these  are  immediately  poisonous  or 
only  after  they  have  undergone  certain  changes.  As  in  the  case  of 
typhoid  fever,  direct  experiment  must  be  at  least  rare ;  still  Macna- 
mara  states  that  several  people  acquired  cholera  from  drinking  water 
into  which  cholera  stools  had  passed  some  hours  previously,  and  which 
was  exposed  to  a  hot  sun.  When  it  passes  into  the  soil  or  water  it 
apparently  undergoes  multiplication,  so  that  one  case  may  supply 
material  for  infecting  many  persons.  Moisture  appears  to  be  essential 
to  its  vitality  and  growth ;  but  it  flourishes  especially  in  soils  which 
are  moderately  damp  and  at  the  same  time  hot.  According  to  Pet- 
tenkofer,  the  development  of  the  poison  is  influenced  by  the  amount 
of  the  subsoil  water,  whence  a  miasma  is  produced  which  becomes  dif- 
fused in  the  air.  The  latter  point  is,  however,  still  one  of  great 
difficulty. 

Reception  of  the  Poison. — There  can  be  little  question  that  the 
cholera  poison  is  in  most  cases  received  by  the  digestive  organs,  and 
especially,  though  not  solely,  through  the  medium  of  water.  It  is  not 
impossible  that  the  poison  may  be  received  by  the  organs  of  respira- 
tion, but  this  point  is  not  established  beyond  doubt. 

The  action  of  water  as  a  distributor  of  cholera  poison  has  been 
established  by  incontestable  proofs  in  many  instances.  One  of  the 
best  marked  was  that  of  the  London  cholera  epidemic  in  1866,  which 
was  practically  confined  to  the  district  supplied  by  a  certain  water 
company.  How  the  poison  got  into  the  water  furnished  by  this  com- 
pany was  not  absolutely  established,  though  some  suspicious  evidence 
was  brought  out.  It  is  probable  that  water  must  be  contaminated 
with  organic  matters  in  order  to  be  a  proper  medium  for  the  growth 
of  cholera  poison,  but  there  is  no  proof  that  what  is  considered  pure 
water  may  not  be  the  means  of  conveying  it.  Uncooked  vegetables 
and  fruit  are  also  regarded  as  means  of  infection. 

When  bedding  or  other  objects  soiled  with  the  excreta  of  cholera 
patients  convey  the  infection,  as  seems  to  be  a  well-established  fact,  it 
is  supposed  that  the  poison  must  be  inlialed  with  the  breath.  Whether 
it  can  be  inoculated  into  a  wound,  has  never,  so  far  as  I  know,  been 
determined. 
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All  attempts  to  convey  clioleia  to  animals  by  inoculation,  fe^-ding, 
or  otherwise,  have  proved  uiisuocessful. 

Symptoms. — It  may  hv  enougij  lo  say  here  that  the  first  stage,  tliat 
of  a  collapse,  with  j)rofiJse  evaeuatioiis.  cramps,  alcidity,  and  collapse, 
resembles  certain  kinds  of  poisoninir,  and  has  often  been  compared  lo 
arsenical  poisonitifr.  tbougli  perhaps  more  like  the  symptoms  produced 
by  uiuscarin  or  mii^'hnroni  ])oii»uii  (seep,  oli).  It  is  not  accompanied! 
by  fever.  The  seiinid  stii;re.  that  of  reaction  or  secondary  fever,  is 
more  like  an  ordinary  fel)rile  disease. 

We  must  siip))0!je  that  there  is  a  generalization  of  the  virus,  or  of 
some  of  the  j)roducts  of  the  vims,  perhajts  alkaloids  of  the  toxine  class, 
which  produce  the  nervous  and  general  symptoms. 

Summary. — The  specific  virus  of  choleni  appears  to  be  endemic  in 
certain  cotuitries,  to  be  tran.sferre<i  to  others  1iy  humsin  beings,  to  have 
the  [tower  of  living  anil  increasing  in  tlie  soil  of  water,  and  probaldy 
alsjo  of  increasing  as  well  a.s  living  in  the  Imrnau  body.  It  has,  there- 
fore, the  properties  of  a  living  thing,  and  the  symjitoma  it  produces 
are  like  tliose  of  poisoning  by  alkahads  generated  l>y  low  forms  of  vege- 
table life.  Ilcnce  the  ]»resumptiou  that  the  original  cause  of  the 
disease  is  a  vegetable  organistu  is  a  very  strung  one.  Whether  this 
organism  has  been  actually  found  is  a  qiie.stittn  to  be  considered 
hereafter. 

Cholera  dift'crs  from  the  purely  contagious  diseases,  becjiuse  the 
virus,  though  communicable.  ha.s  an  independent  existence  in  nature 
ruuside  the  human  body,  that  is,  it  is  a  luiasmatic  disease  also,  at  least 
in  tlmsi'  couiitrii'S  where  it  is  endemic. 

Morbid  Anatomy  of  Cholera. — The  external  appearance  when 
death  takes  place  in  the  stage  of  colla]>se  is  characteristic:  the  face  is 
shrunken  and  ghastly:  the  skin  is  livid  in  parts;  rigor  mortis  well 
marked.  Temperature  sometimes  rises  af^er  death.  The  muscles  are 
dark-colored.  The  brain  shows  mi  characteristic  appearance,  being  in 
some  cases  congested,  in  others  showing  excess  of  fluid.  The  lungs 
are  dry  au<l  collapsed,  moderately  or  sometimes  excessively  full  of 
blood,  hut  in  other  ca^es  said  to  be  ana?inic.  The  heart  usually  shows 
the  fulness  of  the  right  side  and  emptiness  of  the  left  cbaracleristic  of 
the  asphyxial  mode  of  ileath  ;  but  Maenamara  asserts  that  immedi- 
ately after  death  both  sides  are  eipially  full,  and  that  the  accumulation 
on  the  right  side  takes  place  subse<|Uent!y.  Tlie  blood  is  usually 
thick  and  dark-cobtreil.  as  if  from  loss  of  water.  The  most  noUible 
appearances  are  in  the  intestines.  These  are,  when  ileath  occurs  in 
the  stage  of  collapse,  small  and  contracted,  containing  tittle  gas.  The 
serous  surface  is  pale  or  mottled  with  a  rosy  pink  color,  different  from 
the  usual  dark  staining  of  the  bowels  after  ileath.  Dr.  Moxon 
attribute.s  this  diflerence  to  the  absence  of  the  gjises  of  putrefaction. 
The  contents  are  some  tenacious  mucus  with  a  variable  amount  of  fluid 
contiining  a  ijtiautity  of  desijuaniated  epithelium.  This  appears  to  be 
shed  off  to  a  certain  extent  dudng  life,  but  chiefly  a  few  hours  after 
death.     There  are  usuailv  no  natural  feces  and  no  bile  in  the  intes- 
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tines.  When  death  does  take  place,  however,  in  the  latter  stage  the 
bowels  are  congested,  and  their  contents  dark  and  bile-stained. 

The  intestinal  glands  are  generally  enlargeil,  Briinner's  glands  in 
the  duodenum  very  constantly.  The  lymphatic  masses  of  the  solitary 
and  Peyer's  glands  in  the  ileum  are  also  enlarged  sometimes,  so  as  to 
recall  an  early  case  of  typiioid,  and  slight  ulceration  has  been 
observed. 

The  other  organs  .show  no  consUmt  changes,  but  the  kidneys  are  in 
some  cases  hypenemic,  and  in  latter  stages  may  be  greatly  enlarged 
and  congested. 

Owing  to  the  great  drain  of  water  from  the  tissues,  the  organs  are 
generally  well  preserved,  and  decomposition  is  long  delayed. 


CHAPTER    XXXY. 

SECOND  CLASS  OF  SPECIFIC  DISEASES.    SPECIFIC 
INFLAMMATIONS. 

Whooping-congh.  Pertussis. — From  the  contagious  character  of 
this  disease,  and  from  its  occurrence  in  epidemics,  and  its  absence  for 
long  periods  in  certain  places  till  reintroduced  by  a  new  case,  there 
can  be  no  doubt  that  it  is  due  to  a  specific  poison. 

Where  the  poison  exists  outside  the  human  body,  or  whether  it  has 
any  real  vitality  under  such  circumstances,  is  unknown.  It  has  an 
incubation  period  of  about  fourteen  days. 

When  introduced  it  is  through  the  respiratory  channels,  and  it 
lodges  on  the  mucous  membrane  of  the  larynx,  trachea,  or,  perhaps, 
deeper  in  the  bronchial  tubes.  There  it  produces  a  catarrhal  inflam- 
mation, which  is  distinguished  from  other  catarrhs  by  the  excessive 
degree  in  which  the  nerves  are  irritated,  so  that  spasmodic  cough  and 
other  well-known  symptoms  are  produced.  There  is  always  some 
fever. 

This  inflammation  at  first  resembles  an  ordinary  catarrh,  and  hence 
it  has  been  thought  that  ordinary  catarrh  predisposes  to  the  reception 
of  the  poison,  or  even  that  this  will  not  take  root  on  a  perfectly  sound 
mucous  membrane.  But  probably  the  immunity  which  some  persons 
show  is  due  chiefly  to  having  had  a  previous  attack,  or  to  want  of 
constitutional  liability,  or  to  accidental  circumstances.  It  is  rare  for 
any  child  in  a  family  or  household  to  escape,  if  the  disease  be  intro- 
duced. 

There  is  no  distinct  evidence  of  a  generalization  of  the  poison  in  the 
body,  the  other  symptoms  being  due  either  to  reflex  nervous  action,  or 
to  the  cachexia  induced  by  the  disease. 

The  poison  leaves  the  body  by  the  respiratory  channels,  in  sputa, 
and  possibly  in  a  volatile  form.  It  is  not  known  to  be  excreted  by  any 
other  channel.  Masses  of  sputa,  etc.,  dried  on  linen,  retain  the  poison 
in  an  active  state  for  some  considerable  time,  probably  for  weeks. 
There  is  no  evidence  of  the  poison  growing  or  multiplying  in  such 
a  situation.  One  attack  gives  almost  absolute  immunity  against  a 
second.     Hence  it  is  rarely  seen  in  adults. 

The  specific  poison  of  whooping-cough  has  been  identified.  Numer- 
ous micro<Jrganisms  are  found  in  the  sputa ;  but  it  is  not  known  that 
any  of  these  is  the  cause  of  the  disease. 

The  morbid  anatomy  of  whooping-cough  shows  nothing  distinctive 
except  signs  of  catarrhal  inflammation  and  the  morbid  changes  due  to 
complications,  such  a.«»  broncho-pneumonia. 


IMPUTHRRIA. 

Parotitis  or  Mumps. — TJit-re  cnn  be  no  doubt  that  this  contiiffious 
and  soiuelimeij  ejtideimic  ilisonJef  isi  due  to  a  s[)ecifTc  poison,  but  little 
or  notbiu^  is  known  as  to  its  luiture.  So  far  ue  experieuce  goes, 
there  is  no  cause  of  muiiijvs  except  jufection  from  u  previouis  case. 

After  an  incubation  of  eicbt  to  iwenty-two  days  (liin<^ci')  some  fever 
is  produced,  and  simultaneously  or  shortly  after,  an  inflammation  of 
the  parotid  gland  on  one  or  both  sides,  souielirnes  of  the  submaxillary 
also. 

As  the  poison  is  probably  taken  in,  and  certainly  excreted  by  the 
breatb,  the  probability  is  tliat  it  settles  on  the  niucous  nieiubraiie  of 
the  mouth,  and  attacks  tlie  salivary  glands  thence. 

There  are  nn  general  plienonieiia  except  fever  and  its  usual  accora- 
panimeuts,  so  that  in  the  great  niajority  of  cases  no  evidence  is  given 
of  any  generalization  of  the  poi.non.  But  in  some  cases  an  inflauuua- 
tion  similar  to  the  original  is  proihiced  in  the  testicles  in  one  sex,  or 
the  luanimjc  or  uterine  organs  in  tbc  othei'. 

This  is  called  inefitstat^in.  and  since  tlie  only  practically  conceivable 
channel  of  coniinunioation  between  the  organs  nriginafiy  and  those 
8econ<hirilv  affectei]  is  tbe  blood,  we  tmwt  assume  that  the  poison  is 
distributed  by  the  blood.  Severe  constitutional  symptoms  sometimes 
accompany  this  metastasis. 

JSomewouhl  prefer  to  cull  mumps  a  general  disease,  and  suppose  the 
poison  enters  tiie  circulation  and  attacks  the  saliviiry' glands  as  a  seat 
of  election,  owing  to  .s<jme  i)eculiarity  of  tissue,  while  the  other  organs 
aftected  possess  this  susceptibility  in  a  minor  degree.  This  hyjRithosis 
can  neither  be  ju-oved  nur  disproved,  but  that  of  a  local  origin  of  the 
disease  seems  more  prohnble. 

It  is  not  ktjown  whether  the  poisun  of  mumps  can  be  conveyed  by 
non-Hving  mntt^rial  objects,      t  hie  attack  apjiears  to  confer  imtiuniity. 

Tin-  tiiorhid  anatmny  of  mnm)is  may  \n-  said  tu  be  unknown,  a.s  the 
disease  is  so  rarely  fatal. 

UIFH'JflERIA. 


Definition. — A  spreading  inflammation,  usually  of  the  tonsils, 
fauces.  larynx,  and  inljaccnt  [larts,  al.xo  occnsionally  of  other  mucous 
surfaces  and  Mounds,  caused  by  a  specific  poison,  the  nature  of  which 
is  not  yet  accurately  known.  IJut  the  evidence  for  the  existence  of 
such  Ji  poison  rests  upon  numberless  facts  of  direct  inoculation  and 
contagion. 

Tbe  virus  is  received  into  the  mouth  or  air-passagea  and  there  pro- 
duces the  initial  intlannimtion.  Tliere  is  some  evidence  that  a  previous 
state  {}f  catarrh  strongly  predisposes  to  llie  rece|ition  of  the  poison. 
Varialde,  tliough  often  very  grave,  general  symptoms  are  produced, 
which  appear  to  depend  upon  the  absorption  of  a  potson  from  the 
aflcctcd  part. 

The  cliamctcristic  falsi-  mcndirane,  and  mucus  from  the  same  parts 
or  saliva,  are  undoulttedly  carriers  of  the  poison  and   reproduce  the 
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disease  if  conveyed  to  the  mucous  menibriines  or  wounds  of  healthy 
persons. 

The  poison  rotains  its  vitiility  for  un  uncertain  length  of  time  on 
clothes,  bedding,  the  interior  of  rooni.s,  etc.  It  does  not  appear  to  be 
easily  conveyed  through  the  air,  but  may  he  eommunicatetl  by  the 
breath. 

Hence  the  contagiosity  of  diphtheria  appears  to  he  lar^elv  influenced 
by  accidental  circumstances,  and  varies  enormously  in  different  cases 
and  in  different  epidemics.  Con.stitutional  preitisposilion  plays  a  large 
part  in  the  .*iprea*l  of  the  disease;  some  persons  enjoying  apparently 
an  immunity  against  the  poison,  others  being  remarkably  predisposed 
to  he  afl'ected  by  it. 

The  source  of  the  diplitherift  poison  and  its  habitat  outside  the 
human  body  are  still  involved  in  groat  ubscurity.  It  is  generally 
thought  tliat  the  accumulation  of  excrement,  etc. — in  a  word,  Imd 
sewerage — favors  its  development,  but  this  cause  certainly  does  not 
act  universally.  On  the  other  hand,  di|ihtheria  occurs  in  perfectly 
healthy  places,  and  is,  on  the  whole,  more  cummoD  and  destructive  in 
country  ili-ntricts  than  in  cities.  It  has  sometimes  appeared  to  be  con- 
veyed by  fond,  as  milk. 

Since  it  is  not  pnssilde  always  to  trace  diphtheria  to  a  previous  case 
of  the  same  disease,  it  is  possible  that  the  poison  is  a  tuicroorganism 
which  lives  in  soil  or  water  and  occasionally  gains  access  to  the  hutnan 
body.  It  is  not  generally  known  as  a  disease  of  animals;  but  some 
species  of  iinimids  sufler  from  diseases  which  arc  at  all  events  very 
similar.  The  diplitheria  of  pigeons  is  a  well-known  disease  producing 
false  membranes  like  those  of  human  diphtheria,  and  is  both  contagious 
and  inoculable.  A  similar  disease,  but  probnhly  not  the  same,  is  known 
to  affect  fowls,  and  pseudo-memhranous  diseases  of  the  air-passages 
have  been  observed  in  cats,  horses,  and  swine.  In  a  good  many 
instances  mahidtes  of  ttiis  kind  in  auimals  have  been  found  occurring 
simullaneously  with,  or  preeedtng.  hmuaii  <)iphtheria;  but  precise 
proof  that  the  disease  tn  animals  has  caused  the  human  disease  is  at 
present  wanting.  Such  tniusmission,  if  estalih'shed,  would,  however, 
explain  some  of  the  cases  of  apparently  spontaneous  origin  of  spomdic 
cases  of  diphtheria.  On  the  other  hand,  it  is  certain  that  human  diph- 
theria may  he  communicated  to  some  animals  by  inoculation. 

Morbid  Anatomy  of  Diphtheria. — The  characteristic  lesion  of  diph- 
theria is  tiie  formation  on  the  affected  surface  of  a  layer  of  material 
adhering  with  more  or  less  tenacity  to  the  subjacent  tissue,  but  usuallv 
shed  ofi'  in  the  form  ol"  what  is  called  n  false  membrane. 

This  membrane  consists  of  a  sort  of  network  of  fibres  and  hyaline 
material  entangling  numerous  cells,  which  are  partly  blood-disks,  partly 
leucocytes,  partly  more  or  less  altered  efuthelia  of  the  mucous  mem- 
brane. The  hyuline  or  amorphous  substance  itself  may  also  be  slH)wn 
to  be  made  up  jtartty  of  ilogenerated  cells  which  have  undergone  a 
process  tlescribed  as  coagulation.  By  tearing  up  the  membrane, 
altered  epithelia,  smooth,  glassy,  and  varying  in  lorm,  may  be  detected. 
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Tho  subjncent  ami  surrouiuling  tissues  aro  highly  congested.  iiiuJ 
resent  various  tiegreos  of  infliinituation. 

In  the  most  characteriHitic  f«>rm,  seen  especially  on  the  tonsils  and 

luoes,  or  sunietinii-s  on  the  base  of  tlit-  tnugue  and  in  tlie  uioutli,  this 

leitibnine  is  rL-moved  with  some  difficulty  from   the  subjacent  tissue, 

anil  after  removal  exposes  a  sudace  gene  nil  ly  bleeding,  excoriated,  oi* 

otherwise  altered.     This  surface  will  generally  again  give  rise  to  a 

pro<luct  similar  to  that  already  removed. 

Fi.i.  77. 


DipLtlieritic  tiit'tiibraue. 
a,  inKHmti'il  tissue:  t',  liliritmns  layer,  ouiniit:!iD.i!  colla. 

If  the  process  extends,  as  it  often  does,  into  the  air-jiassages,  the 
ippearant-es  jiroduced  are  somewhat  diflVrent.  The  false  mend^rane  is 
"much  mure  easily  detached,  either  during  life  sfMmtnneuiisly,  or  i>n 
p<^tst-un»rtem  examination.  It  often  lines  the  trachea  runi|»let«*ly,  so  as 
to  form  a  hollow  cast,  and  may  extend  into  the  bronchi  and  hronchial 
tubes,  sometimes  very  far  down.  Where  the  false  niend»rane  ceases, 
the  surface  generally  shows  ordinary  catarrhal  intianimatMm,  with 
abundant  muco-purulent  discharge. 

The  false  membranes  on  these  surfaces  (with  columnar  epithelium) 
are  soniewhat  different  frnni  those  on  the  fauces.  The  sttHaee  under 
them  is  generally  a[iparently  unaltered,  or  simply  inflamed,  not  exco- 
riated or  hleeiling.  The  membrane  it^self  is  made  up  of  cells  and 
fibrinous  network  in  varying  proportions.  The  network  is  often  deli- 
cate and  purely  fiI»rinous  in  ajyjiearance,  sometimes  thicker  and 
apj)arently  made  partly  of  fused  epithelial  cells.  The  cells  are  partly 
leucocytes  (with  few  blood-di.«k.s),  partly  epithelia,  vvhicli  are  ofteri  veiy 
little  altered,  so  that  in  tlic  latter  case  it  may  appear  like  a  mere 
exfoliatiotj  or  desquamation  of  the  epitheHum,  glued  togetlier  by  a 
certain  amount  of  fibrinous  exudation.  (Hence  the  groat  diversity  in 
the  description  given  of  these  membranes. ) 

It  is,  timrefore,  iliflicult  to  distinguish  between  the  membrane  itself 
antl  the  tissue;  so  that  the  former  nuist  he  reganled  as  dead  or 
necrotic  tissue. 

It  will  he  seen  in  the  figure  that  the  superficial  portion  (/•)  consists 
of  a  network,  the  trabecuhi?  of  whicli  are  iimch  thicker  than  a  regular 
coagulation  of  fibrin,  while  the  deeper  portion  (a)  consists  essentially 
of  tissue,  permeated  by  more  irregular  masses  of  tlie  same  kind,  while 


346  THE    CAUSES    OF    DISEASE. 

the  cell-forms  are  better  preserved.  Very  great  variations  «re.  he*- 
ever,  met  with  as  regards  the  proportion  of  cells  and  of  intercellok 
substance.  There  is,  undoubtedly,  some  albuminous  exudation,  be 
this  is  chiefly  interstitial. 

In  some  cases  the  process  is  limited  to  the  epithelial  layer  (di^- 
theritis  superficialis),  in  others  it  extends  more  deeply  into  the  sob- 
epithelial  connective  tissue  (diph theritis  profunda).  There  is  ofttt 
suppuration,  and  a  distinct  ulcer  is  sometimes  produced  and  remaiiu. 

The  above-described  process  is  the  classical  diphtheritic  inflamn* 
tion,  sometimes  seen  also  on  other  parts,  as  on  the  genital  macoc 
.surfaces  and  on  wounds. 

The  process  is  limited,  almost  without  exception,  by  the  basmeni 
membrane  on  which  the  columnar  epithelium  rests,  though  the  sai^i- 
cent  tissue  may  show  some  ordinary  inflammation. 

A  membrane  such  as  has  just  been  described  is  called  croupous.  It 
resembles  the  inflammatory  exudation  on  serous  surfaces  (allo«'U<:« 
being  made  for  the  difference  in  the  tissue),  and  the  exudation  in  tiit 
air-cells  in  pneumonia. 

An  inflammation  producing  such  a  membrane  on  the  trachea  and 
air-passages  is  usually  called  croup,  and  much  controversy  has  aris« 
on  the  relations  of  croup  and  diphtheria,  which  cannot  be  fully  dis- 
cussed here. 

It  should,  however,  be  stated — 

1.  That  a  croupous  membrane  is  readily  produced  in  the  air-pi*- 
sages  of  animals  by  irritating  substances  (ammonia,  acetic  acid,  etc.). 
and  is,  though  rarely,  produced  in  man  by  simple  irritation,  such  »s 
by  boiling  water  or  steam,  or  even  by  other  irritants,  possiblv  bv 
cold.' 

2.  A  process  resulting  in  the  production  of  similar  membrane,  i.  f.. 
anatomically  croup,  is,  however,  often  set  up  by  the  poison  of  diph- 
theria. 

Hence  the  diseane  diphtheria  may  give  rise  to  a  croupous  inflam- 
mation of  tlie  trachea  siniultaneously  with  a  necrotic  (so-called  diph- 
tlieritic)  inflammation  of  tlie  fauces,  and  the  (liflTerence  between  th* 
croupous  and  diithtlieritic  membrane  depends  upon  the  anatomical 
structure  of  tlie  part  on  which  each  respectively  is  formed. 

Membranes  formed  on  the  larynx  vary  in  structure  as  the  epithe- 
lium of  its  parts  resembles  the  faucial  or  the  tracheal  epithelium. 

Microorganisms  in  Diphtheria. — Microorganisms  are  frequentlj 
met  with  in  the  (liphtlieritic  membrane.  Masses  of  micrococci  art 
most  commonly  seen,  both  on  the  surface  and  in  deeper  parts.  Cer- 
tain forms  of  bacilli  have  also  been  described.  Jjittle  importance  can 
be  attached  to  the  first  of  tliese  in  relation  to  the  causation  of  the 
<lisease,  because  in  the  dead  tissues  exposed  to  the  air  such  organism* 
find  an  appropriate  soil.  A  large  number  of  micrococci  and'  bacilli 
are  also  found  normally  in  the  mouth,  and  would  readilv  make  their 

'  See  Roporl  of  r<.riiiiiitt<'o  <>n   Ilolati'-ns  of  Membranous  Croup    ami    Dipbthciu. 
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iy  into  the  (iiphtlieritic  prfniuots.  Later  rcsearclu'S.  in  vtliioh  it  has 
fen  attenijited  to  fliscriiuiiintv  foniis  ivhich  uiav  be  really  pitthogenic, 
rill  he  referred  lo  hereafter. 
Many  attempts  have  been  made  to  communicate  the  disease  to 
nmals  by  direct  iuoculatiou.  or  hy  introdueinjj:  diphtheritic  products 
jto  the  throat  or  air-passages.  The  results  are  cunflictinjr,  but  in 
>uie  of  Oertel's  exporiuients  on  rabbits,  iiitrodtu-tinn  of  ft-ij^rnentia  of 
K'Uibraiie  into  the  air-pn.si«a;ze.s  produced  a  niernbranoiis  inlhnniiiatiim 
those  parts,  followed  by  jreneral  sviiiptouis  of  infection  and  disease 
^f  the  kidi^eys,  with  death  in  two  or  three  days.  Inoculation  of 
imilar  omterial  into  wounds  of  nmscles  and  into  tin-  cornea,  Ims  also 
roduccd.  in  the  ex])erience  of  several  ex]u'rinientcrs,  a  spreading  in- 
luiiuation  and  ra]»iilly  fatal  general  disease,  but  without  distinct 
Symptoms  of  diphtlicria. 

Other  Organs  Affected.  Lymphatic  Glands. — The  throat  aflection 
jreads,  in  the  first  place,  to  the  ilepen  (cut  lymphatic  f»land.^.  These 
ecome  swollen  ami  inflamed  :i.s  in  other  spread inu:  local  iiifiaiiiina- 
lons.  In  diphtheria  the  fibrou.«i  tissue  surrouniliii;x  the  glands,  as 
rell  as  the  subcutaneous  roiujective-tis.sue,  are  very  notubly  iift'ccted, 
jrodiicinji  a  general  (CiJeiUii,  and  .sotilotiuK'S  capillary  heniorrhajie. 
The  lymphatic  elements  luidergo  great  hypcrphtsia  ;  sometimes  there 
partial  necrosis.  In  all  these  jiarts  numerous  micrococci  have  been 
)und. 
Kidneys. — An  affection  of  these  orjjans,  shown  during  life  by 
llbuuiinuria,  etc..  is  nearly  constant .  The  renal  epithelium,  is  gen- 
rallv  in  a  state  of  cIojkIy  swelliiij'.  In  severe  cases  the  kidnev  is 
IwoUen,  and  of  n.  uniform  dark  red  color,  being  actiniUy  congested. 

The  epithelia  are  granular  and  swollen,  so  as  almo.st  to  till  up  the 
lumen  of  the  tube.  Minute  hemorrhages  are  often  seen,  These 
change.s  are  not  different  in  kind  frt^ni  what  are  seen  in  other  fclirile 
com|daint.s,  but  reach  a  high  degri-e  of  intensity.  Micrococci  have 
often  been  found  in  various  jjarts  of  the  ovgjui.  suuietimes  blocking 
capillary  vessels,  or  forming  emboli  in  the  Malpighian  tufts.  Hence 
the  conclusion  has  been  drawn  that  these  are  the  specific  para-sites  of 
the  disease,  which  leaves  the  body  through  the  kidneys ;  but  this  is 
doulitful,  since  we  cannot  certainly  associate  tlie.se  micrococci  with  the 
specific  cau.se  of  the  disease.  Hut  it  is  clear  tliat,  as  in  the  case  of 
scarlet  fever,  some  irritant  poison  pa.sses  through  the  kidneys. 

MuBpuIar  Paralysis. — The  well-known  diphtheritic  paralysi.s,  begin- 
ning in  the  .soft  palate  and  d'.sophagus,  but  sotnetimes  becoming  very 
general,  appears  to  be  explained  by  a  local  action  of  the  specific  poi- 
son, first  on  the  perijtheral  nerves,  afterward  on  the  nerve-centres,  but 
its  morbid  iinatomy  is  stilt  obscure. 

Erysipelas. — Doubts  which  formerly  existed  as  to  the  existence  of 
a  specific  virus  causing  erysipelas  have  been  removeil  by  experiment. 
It  has  been  shown  that  the  poison  is  a  specific  organism  which  may  be 
cultivated  apart  from  the  body,  and  when  inoculated  reproduces  tlie 
disease  in  persons  previously  free  from  it. 

This   has  been  shown  even  in  the  human  suliject,  in  cases  where 
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erysipolas  has  been  artificially  produced  in  order  to  tle^troT  «a<i nv 
a  morbi<l  growth.     Inoculations  of  pus,  or  crude   inat^nal  froa  i* 

digease,  have  •'iven  ombir'uoiis  results. 


Fin.  ;h. 


Section  of  skin  ia  erysipelas  (CoRStL  and  Raxt^kk). 
vt>,  two  lymphatic  Tewcls,  containing  leucocytes  and  ohaine  of  gir^puttxtcKatz  ttm 
neotiv«-tiwiue ;  a,  connectiv«-ti88ue  cell.'f  aiul  niijrralory  celld.      M«^ni(ie«l  <M  4lUL 

The  virus  may,  however,  be  received  without  obvious  iuocoltdn- 
Whcther  it  directly  enters  the  skin  in  such  cases,  or  whether  h » 
recei\ed  by  tin-  respiratory  organs  and  reaches  the  skin  secondarily 
is  not  ([uite  clear,  but  the  furnier  is  the  more  probable.  Ulcers  <* 
inflammations  of  the  mouth,  tonsils  and  fauces  are  thoagbt  bv  ?ot? 
to  eon.stitute  the  channel  by  which  the  virus  enters.  \Voun\L*  fnup 
surgical  operatinns  are  especialty  liable  t-o  be  affected  by  ervflir»fl&«. 

The  incubation  period,  when  in<K'ulated,  is  from  fifteen  to  eixtv-'W 
hours.  The  local  aflfectiou  is  intlanunation  of  the  skin,  t«Ddiii«  t' 
suppuration,  and  spreadint;  locally,  sometimes  while  the  original  j«n 
heals,  so  that  it  is  said  to  be  migratory.  The  naicroort^niau.  < 
streptococcus,  is  especially  found  in  the  lymphatic  chunnelfi,  &i  tb* 
already  ripreading  margin  of  the  inflammation,  but  it  is  not  seen  intk* 
blond. 

The  general  symptoms  are  iisuiilly  very  severe,  in  proj»ortion  totiw 
local  lesion,  consi.-jting  ui'  high  fever  with  rigors,  prostmtion,  i^*--    ^'"' 
some  eases  are  almost   without  fever.     The  symptoms  are  d 
cau.scil  by  absorption  uf  a  poisonous  substance  eni»endere<i  in  ti 

inflammation,  since   there   are   no   secondary    foci    of    indam 

formed. 

Inoculations  into  the  blood  appear  to  be  harmless  ;  but  in  the  n>(>- 
nective-ti.s.sue  and  lymphatics,  cause  a  spreading  inHanimation 

The  virus  of  erysipelii-s  may  be  conveyed  from  one  penum  to  !>  > 
by  direct  contact,  or  indirectly  by  means  of  aoliJ  objects,  «iuch  v>  i 
hand  or  instnmients  of  the  surgeon,  clothes,  beilding.  etc,     ^'^ 
it  is  conveyed  through  the  air  is  uncertain,  thoufrb,  as  the 
appears  sometimes  to  be  epidemic,  this  is  not  impossiMf.      Jt  ciesnt 
seems  to  attach  itself  to  buildings,  such  as  hospital  war.U, 
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From  personal  ohservationsi  I  hiivc  ri*ai-oTi  to  believe  that  the  viruH 
Mains  its  vitality  in  tbe  dcail  body  for  a  certain  time,  ami  that  both 
direct  and  indirect  communication  from  this  source  are  possiMe.  How 
long  infectivoness  remains  when  t!ie  virus  is  dried  up  on  iitdiftcrent 
objects  is  quite  uncertain. 

The  contagiosity  nf  this  disease  is  extremely  variable. 

It  is  generally  thought  that  traumatic  or  "surgical"  erysipelas  is 
>ntagious,  while  the  apparently  spontaneous  non-traumatic,  or  "uiedi- 
\\ "  form  is  not  so.  The  chief  reiisinn  appears  to  be  that  most 
patients  in  a  surgical  ward  have,  while  those  in  a  mediwil  wart!  have 
not,  wounds  or  lesions  of  the  skin  which  facilitate  the  entrance  of  the 
poison. 

One  attack  gives  immunity  ajiainjJt  inoculation  for  a  few  months  : 
but,  after  this,  persons  whu  have  once  had  the  disease  are  mure  liable 
than  others  to  take  it. 

Dysentery. — The  claims  of  dysentery  to  be  regarded  as  a  specific 
ilisease  are  disputed.  But  its  limited  geographical  distribution,  its 
epidemic  occurrence,  and  a  contagiosity  which  is  sometimes  definitely 
proved  though  not  nnivei-sal,  are  sufficient  to  give  it  this  character. 
For  uuiny  years  past,  dysentery  has  been  all  but  unknown  in  London 
and  England  generally,  so  that  when  cases  occur,  they  are  for  the 
most  part  preferable  to  foreign  importation. 

The  poison  is  chiefly  miasmatic,  residing  in  the  soil,  especially  in 
marshy,  badly-drained  ]ilaees,  in  the  same  situations  as  ague  and 
malarious  fevers,  but  more  especially  in  certain  parts  of  the  world. 

It  is  received  into  the  boily  generally  by  water  or  possibly  by  food 
containing  the  poison.  Some  think  that  it  may  be  received  by  the 
breath  also.  The  local  effect  of  the  poison  is  seen  filmost  entirely  in 
the  large  intestine,  producing  jnlhinuiiation,  ulceration,  hemorrhage, 
etc.  The  liver  is  often  affected,  probably  through  absorption  of  the 
poison,  from  thu  iiHtiientary  canal. 

The  other  synijitoms  appear  to  be  a  conseijuence  of  the  intestinal 
lesions,  and  there  is  no  evidence  of  presence  of  poison  in  the  blood, 
or  its  generali/.aLion  through  the  body.  It  remains,  however,  for  a 
long  time  attached  to  the  mucous  membrane.  si>  that  when  the  acute 
symptoms  are  over,  the  disease  often  becomes  chronic,  and  may  recur 
when  the  patient  is  far  removed  from  the  soil  Avhence  he  originally 
derived  the  virus. 

It  is  also  clear  that  the  poison  leaves  the  body  with  the  intestinal 
discharges,  and,  passing  into  soil  or  water,  there  pre.serve9  its  vitality, 
80  as  to  be  capable  of  producing  new  cases  of  the  disease.  Whetlier 
the  poison,  in  a  contagious  form,  exists  in  fresh  feces,  is  doubtful,  but 
some  physicians  think  it  may  be  absorbed  by  inhalation,  as  by 
incautious  smelling  of  dysentery  products. 

Since  there  is  no  evidence  of  the  poison  leaving  the  body  by  any 
other  channel,  dysentery  is  not,  in  the  ordinary  sense,  contagious  to 
those  around   the  patient,  but   the   di.sease  may  be   propagated,  like 
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have  been  foiiinl;  in  others  they  have  been  wanting  (Zieglff).  Mn* 
animals,  amrKfur,  have  aJso  been  observed. 

Morbid  Anatomy  of  Dysentery. — The  morbid  clianL- 
continecl  to  the  rectum  and  sigmoid  flexure  and  lower 
eoloii,  or  may  involve  the  whole  of  the  colon,  cwcum,  and  rriT,  u  -i- 
of  the  ileum.  In  the  first  stage  the  niucoiis  membnvne  iscitrrc,-i 
swollen  and  of  :ui  intensely  red  color,  from  congestion  nod  lrt>i- 
rbagie  infiltnaiuii ;  the  surface  covere«l  with  a  glwiry,  mumiu.  «s 
jdburiiiiioKS.  exudation,  (hi  section  the  thickness  of  llie  tnucoa» flHS- 
braue  is  very  ap|mreiit.  This  condition  is  an  intense  catarrhal iiili» 
nation  with  inteit<titial  exudation  and  heinorrhage. 

In  a  later  stage  the  mucous  surface  looks  une4|ual  and  nfpL 
parts  being  raised  and  others  depressed.  The  raised  f»r»rtion»  tn 
covered  with  a  sort  of  slough  composed  of  necrotic  epitbtiliuDi.  anui 
with  exudation,  of  a  dark  red,  gray,  or  blackish  color.  The  depresad 
portions  are  either  only  intensely  intlamed,  or  else,  fn^m  the  fkllaii 
otl"  of  the  .s!onglii>,  idcerateil-  The  ulcers  are  very  rarious  in  «z«b 
and  depth,  and  of  irregular  shape. 

Sonretimes  a  consitlerahle  portion  of  the  mucous  membrane  wil 
appear  to  have  sloughed  ofl'.  Those  portions  which  roroaio  in»T  W 
greatly  thickened  and  even  form  polypoid  excrescences.  The  oAtf 
coats  are  deeply  inSltrated,  more  rigid  than  usual,  but  aC  the  ■■» 
time  sometimes  more  brittle,  .*o  that  1  have  seen  the  bowd  ettiy 
broken  in  removing  it. 

As  the  ulcers  heal,  fibrous  scars  are  produced,  which  somoUDO 
cause  coiitrjiction. 

Few  o]»[iortunitie3  occur  in  this  country  for  investignting  tliemuim 
changes.  In  the  s|>ecimen.s  we  have  seen,  the  mucous  rocmbTaiM-s 
f»>und  to  be  converted  into  u  dimly  granular  uiass^  in  which  the  "H 
lines  of  the  indiviilual  elements,  as  well  as  the  nuclei  of  the  oelk 
gradually  disap|)ear. 

Beneath  the.se  necrotic  masses  there  is  a  dense  cellular  iufiltrtui* 
which  may  extend  thnmgh  the  whole  submucous  tissue  and  e»« 
involve  the  muscular  coat. 

The  change  is  thus  ahiiost  purely  necrotic,  as  regards  the  epithdjsa; 
and  in  the  submucous  tissue  shows  destructive  inflamniation,  vA 
tending  to  fibrous  growth,  and  not  necessarily  forming   ali^cess. 

These  changes  evidently  much  resemble  those  of  diphtheria,  ati' 
hence  are  called  intestinal  di[dillieiia  by  somt*  Gertnnn  writH*^ 
Simihir  changes  are  said  to  be  produced  in  certain  cases  bv  BM^f 
fecal  accumulation;  but  such  cases  must  be  as  rare  in  this  couutm* 
true  dysentery. 

Tetanus. — There  is  some  difference  of  opinion  as  to  whether  dv 
ia  to  be  regarded  as  a  specific  disease.  The  reiisons  for  thibkiig 
it  so  are: 

1.   It  is  epidemic,  though  n*it  definitely  contagious,  and  is 
able  in  its  geographical  distribution,  occurring  most  frcquenu-, 
climates.     2.   If  occurring  after  a  wound,  it  does   not  depend  opo« 
any  specially  aggravated  or  unhealthy  condition  of  tli©   latter      '    '" 


runs  a  definite  ami,  on  the  whole,  typical  oourse,  acconipttnioil  by 
fever  as  well  ;i.s  toxic  f<yiri[)tonis,      4,    It  tnjty  occur  withuut  a  wminJ. 

5.  Tefimns  Ims  been  conveyed  to  a  vcteiiimry  surgeon  from  a  wuuml 
ftctjuired  in  the  post-mortem  examination  of  a  horse  dying  of  tetanus; 
and   the    disease  was    fatal    {Brit.  Med.  Jnurnal,  March  5,   li^OT). 

6.  This  or  a  very  similar  disease  has  been  ])rodiR'ed  in  rabbits  by 
inoculating  infusions  of  tissut-s  taken  from  a  wound  in  a  case  of 
human  tetiinu:^.  The  t'xpiTimental  disease  hnti  an  incubation  period 
of  two  or  three  days,  shoived  marked  tetanic  symptoms,  and  was 
transmissible  by  inoculation  from  one  animal  to  another  (Carte  and 
Rattoni). 

It  was  also  shown  by  Nicolaier  that  a  tetanic  disease  raight  be  pro- 
duced in  mice  and  rabbits  by  intruducing  u  sniull  ([uantily  of  garden 
mould  umicr  the  skin.  After  an  iaeiibatinn  of  about  two  days  in 
mice,  or  from  three  to  five  days  in  rabbits,  characteristic  symptoms 
appeared  and  tlie  animals  died  in  from  three  to  seven  days  after  the 
operation.  After  death  a  small  quantity  of  pus  was  found  at  the  spot 
of  inoculation,  but  no  changes  in  the  nerve-centres  or  other  organs,  or 
in  the  bJood. 

The  pus  showe<l  eminently  virulent  profverties ;  a  very  small 
quantity,  inoculated  into  mice  or  rabbits,  producing  cimraeteristic  and 
very  intense  tetuntis.  Inoculation  of  material  derive<l  from  the  inter- 
nal organs  also  reproduee<l  the  ilisease  in  a  few  instances.  A  peculiar 
bacillus  was  found  in  tlie  pus,  which  will  be  mentioned  afterward. 

From  these  experiments  it  is  clear  that  a  specific  and  communica- 
ble disease,  apparently  identical  with  human  tetanus,  can  be  produced 
in  animals,  both  by  material  from  cases  of  tetanus  and  from  a  living 
virus  contained  in  the  earth. 

If  it  sliouhl  be  proved  that  this  is  really  the  same  disease,  then 
tetanus  would  appear  lo  be  a  disease  produced  by  a  specific  poison 
contained  in  the  soil,  and  introiluced  for  the  most  part  into  a  wound  : 
sometimes  possibly  by  other  channels.  When  thus  introduced  into 
the  body  it  enters  the  blood,  ami  cither  the  original  bacillus  itself,  or 
something  produced  by  it,  is  carried  to  the  nerve-centres,  where  it  sets 
up  the  physiological  disturbances  known  us  the  symptoms  of  tlie 
disease. 

Morbid  Anatomy  of  Tetanus. — The  spinal  cord  has  been  often 
examined,  and  sometimes  found  to  be  congested  or  slightly  disin- 
tegrated. IJut  these  changes  are  not  cnnstanU  The  conclusion  is 
that  tetanus  is  not  strictly  a  ilisea#e  of  the  cord,  but  that  the  sjtinal 
symptoms  are  functional  and  produced  by  the  specific  poison. 

Hydrophobia. — Though  the  physiological  symptoms  of  this  disease 
in  some  respects  resemble  those  of  tetanus,  its  origin  is  very  different. 

The  specific  virus  of  hydrophobia  is  derived  from  dogs  or  other 
animals,  {e.  g.  wolve.^  or  foxes)  affected  with  the  disease,  rabies.  For 
otir  present  purpose  it  is  enough  to  state  that  this  is  a  definite  and  spe- 
cific disease  and  appears  in  two  forms — that  of  a  raging  madne.«s,  in 
which  dogs  have  a  propensity  to  bark  and  bite  ;  and  that  of  dumb-mad- 
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ness,  in  which  they  du  not  bark,  and  suffer  fr<»!n  i^nrnlysi-  i.f  VmaU 
ami  lower  jaw. 

In  our  I'Xpcrience  the  disease  is  always  coinniunicutftl  r>>  i>i:,u-.« 
tlie  salivii  of  a  nibiil  animal  with  a  woundetl  or  abraded  fuitL 
There  is  no  fvidcnco  uf  its  ever  being  iutroiluced  hv  the  respiniq 
or  (liiiestivc  channels^.  There  i>  always  a  perioii  of  incubaliott,  h^ 
times  as  short  as  eight  days,  usually  from  one  to  two  uioutlis.  m  n» 
ca,-<es  many  months  or  even  years.  After  this  periofl  the  n-oiiaJ.  •♦^i 
will  prabdbly  have  healed,  sometimes  becomc-s  intlnined  and  juafsi 
sometimes  it  is  uiiclianijcd.  Then  arisen  the  well-known  ,<rnipt'iU)»  V 
the  disease,  referable  to  an  aftectiori  of  the  medulla  obloogaU,  «i-ac- 
times  of  the  medulla  spinalis.,  sometimes  «»f  the  brain. 

It  had  been  clearly  )?liown  that  the  contagious  virus  of  the  di*«9*f  * 
contained  in  these  parts  of  the  nervous  system,  as  well  S8  in  tiir  mhn 
of  hydrophobic  patients.  It  is,  however,  important  to  renicmWr  ik 
another  disease,  a  sort  of  septicemia,  was  produced  l»y  Pa»tctir  io  oiW 
bits,  by  inoculation  of  saliva  from  cases  of  hvvlrophobia,  and  thai  lis 
same  disease  was  produced  by  Vulpian  by  inoeulution  of  alinCna 
healthy  people.  It  is  characterized  by  the  presence  of  a  {<HTi!a" 
niicroorgjinism  in  the  form  of  a  diplococcus.  These  experimnir^  -  .- 
firm  ;i  conclusion  arrived  at  in  other  cases  that  the  heaJlhy  m-<  r.-i  ^• 
or  lluidn  of  one  animal  may  contain  a  microorganism  which  pn^iacj* 
a  fatal  disease  in  unotlier  species. 

The  Specific  Viru». — Putting  aside  these  results,  tlie  follow  11^  f»rt» 
show  the  ideiiiity  of  the  virus  in  canine  rabies  and  human  hvdr}pb"itt 
and  its  distribution  in  the  body. 

The  identity  of  hydrophobia  and  canine  i-abies  is  shown  not  ctir 
by  the  well-known   facts   of  the  comumnication   of   the  disease  fn« 
animals  to  man.  but  alsn  by  the  fact,  fretjuently  verified,  that  prudoffr 
of  the  hnraati  ilisease  pnnUice  nibies  in  its  two  forms  of  ragine  mti- 
ness  and  so-called  dumb-madness  with  panilytic  sytn{»toins,  in  tU^**. 
and  a  similar  disease  in  mbbits.  which  is  shown   to  be  the  -  - 
power  of  roprodueing  nibies  in  other  animals.    The  salivn 
glands  of  animals  or  men  dying  frum  hydrophobia,  or  ra' 
the  special  virus  and  can  communicate  it  to  anininls    bv 
There  may  at  tlie  same   time  be  llie  other  virus  or  microoorguiits 
above  mentioned,  and   may  be  a  third  virus  capable  of  proiiudii; 
suppuration. 

The  rao'lulla  fiblongata  and  medulla  spinalis  and  cerebrum  txiatMi 
the  same  vims  and  may  communic4Ue  the  disease  in  the  sauw-  riy. 
though  they  do  not  contain  the  other  viruses  just  nicntioniNi.  it  J» 
always  found  in  the  medulla  oblongata,  often,  though  less  constaallT, 
in  certain  parts  of  the  other  organs,  and  in  the  cerebro-sninal  fioi 
Peripheral  nerves — t-.  g.,  portions  of  the  pneuinogastric  and  jci«u*— 
from  rabid  animals  are  virulent,  and  reproduce  the  dis^ease  if  inocvkte^ 

The  virus  from  the  nerve  centres  may  retain  iCa  vitality  for  w»<nl 
weeks  if  decomposition  be  prevented. 

The  blood  of  rabid  animals  does  not  convey  the  disease. 

Portions  of  the  nerve-centres  mixed  with  sterilized   bn-'V   -'-  '•' 
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certain  inediiuu  for  conveying  the  virus,  and  have  been  generplly 


h\-  Piistour. 
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'<1  (1)  under 


Method  of  Inoculation, 
skin.  (-}  into  tlic  veins!,  or  ("i)  jippiieil  to  the  cerebral  surfiice,  under 
the  dtini  iirutt'r,  after  trephining. 

1.  ^■ulieutiiiiL'oiis  injection  i?  .somewhat  uncertain.  It  has  a  variable 
iucubatioii-icerioil,  t?ometin)es  very  long. 

2.  In  injection  into  the  veins  the  incubation  period  is  shoriev.  but 
varies  with  the  dose :  being  on  nn  average  seven  to  ten  day!;. 

The  virus  nets  chiuHy  mi  the  spinal  cord,  usually  pruilucing  dumb- 
madness  with  ])ariilysis  ;  but  furious  madness  may  be  produced  if  a 
very  small  tjuautity  of  virus  l>e  injected.  Thus  either  form  may  be 
]»roduced  at  will 

3.  Inoculation  of  the  cerebral  .surface  is  a  very  certain  metliod.  It 
produces  in  dogs  furious  madness,  with  liarking  and  biting  propen- 
sities. 

In  animals  which  have  received  the  disease  by  virus  from  the  nerve- 
cenireis,  through  vi-nous  or  cerebral  inoculation,  the  siiliva  and  salivary 
glands  are  as  virulent  as  in  cases  of  supposed  spontaneous  rabies. 

Tliese  experimental  results  conclusively'  prove  that  rabies  and 
liydroidiobia  are  due  to  a  coirimuni cable  virus,  which  when  received 
into  tlie  body  enters  the  circulation,  and  produces  the  symptoms  of 
the  disease  by  direct  aetion  upon  the  different  parts  of  the  nervous 
system,  the  symptoms  being  cerelmil  (/.  c,  madness,  etc.),  .spinal 
()):iralysis),  or  peripheral  (e  i/..  hyper!estlie>ia,  mIhcIi  is  a  marked 
symptom  of  buuuin  hydrophobia),  according  as  these  parts  of  the  ner- 
vous system  respectively  are  affected.  Tbese  symittoms  cannot,  then, 
be  <lue  to  a  roile.v  nervous  action  starting  from  the  wound — a  hypcith- 
esis  also  directly  negatived  by  otlier  experiments.' 

Method  of  Preventing  Inoculation. — Pa.steur  found  that  it  was 
possible  to  render  ilogs  incapable  of  acfjuiring  rabies  by  the  following 
method  r 

The  virus  from  a  rabid  dog  is  iniiculated  through  a  long  series  of 
rabbits,  one  being  inocidated  in  the  brain  from  the  spinal  cord  of 
another,  till  a  vims  of  constant  strength,  and  having  a  uniform  incuba- 
tion  of  about  seven  ilays,  is  obtained. 

The  spinal  cords  of  rabl.iils  dead  from  rabies  produced  by  diis  virus 
are  removed  with  antiseptic  precautions  and  suspeutled  in  dry  air,  i.  e., 
in  a  glasa  bottle  over  caustic  potasli.  Thus  preserved  they  gradually 
lose  their  virulence,  and  are  completely  inert  after  sixteen  or  twenty 
days.  A  series  of  cords  thus  [UTserved  gives  accordingly  an  ascending 
series  of  virulency.  By  inoculatiug  dogs  successively  with  an  ascend- 
ing .series  of  spinal  cords  thu.s  weak«'ned,  Pasteur  chiims  that  tlicy 
become  insusceptilile  to  the  action  of  the  strongest  virus  ;  and  a  large 
number  of  dogs  thus  prepared  were  tested  by  a  commission  and  found 
to  be  insusceptible  of  rabies. 


1  8ee  report  oa  Puteur'e  Resvarchee,  hy  William  Vig^nal,  British  Med.  Journal,  ISAfi. 
vol.  i.  pp.  671,  727,  etc. 
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The  only  objection  to  the  conclusion  is  the  alleged  fact  that.  th(«^ 
the  dogs  do  thus  acquire  an  immunity  against  the  artificially  ttvaa 
virus  used  by  Pasteur,  they  are  not,  or  not  always,  insusceptible  rfi 
disease  as  conveyed  by  virus  from  a  fresh  case  of  rabies.  This  pa: 
must  be  considered  as  not  yet  satisfactorily  settled. 

Preventive  Inoculation  in  the  Haman  Subject. — After  three  va.'* 
continuous  experimenting  upon  animals,  Pasteur  applied  the  sur 
method  to  human  subjects  already  bitten  by  mad  dogs  or  wolves. 

Virus  from  the  spinal  cords  of  rabbits,  prepared  as  above  stateL? 
injected  under  the  skin  in  the  abdomen  in  an  ascending  series  -i" 
virulency  ;  the  treatment  extending  over  ten  days.  It  is  claimed  da: 
the  immense  majority  of  cases  thus  treated  escaped  infection  to 
hydrophobia,  only  one  patient  out  of  688  dying  of  that  disease.  Tli 
usual  mortality  is  stated  to  be  one  in  six  or  owe  in  four. 

The  great  objection  to  these  results  and  to  the  practice  foujided  upta 
them  is  the  risk  that  hydrophobia  may  be  actually  conveyed  by  tif 
inoculations. 

There  is  ground  for  this  apprehension,  since,  in  a  few  instaDW* 
where  death  has  occurred  after  inoculation,  the  disease  has  been  seH> 
in  the  paralytic  form  (dumb-madness  of  dogs),  which  is  otherwise  t«t 
rare  or  almost  unknown  in  man. 

The  question  cannot  therefore  be  regarded  as  yet  positively  decideJ. 

Explanation  of  Pasteur's  Results. — The  theoretical  explanation  <i 
this  alleged  immunity  conferrod  by  inoculation  of  th^  virus,  suggest^l 
by  Pasteur,  is  as  follows : 

He  supposes  that  the  hydrophobia  virus  consists  of  two  parts. 

1.  A  living  part,  capable  of  multiplication,  t.  f.,  an  organism. 

2.  A  secondary  poison,  which  is  the  product  of  this  oro'anism. 
The  phenomena  of  the  disease  would  then  result  from  the  manufso- 

ture  of  this  secondarv  poison  within  the  body,  as  a  consequence  of  th^ 
growth  of  the  organism. 

Xow  it  is  a  law,  at  least  widely  prevalent  in  the  case  of  both  zvmotk 
and  pathogenic  microorganisms,  that  they  produce  substances 'whicli 
are  in  tlie  end  inimical  to  their  own  development. 

Thus  in  vinous  fermentation  alcohol  is  produced  by  the  vea^^T- 
fungus,  but  wlien  the  amount  of  alcohol  produced  reaches  a  ct-rta  u 
j)roportii»n,  the  development  of  the  yeast  is  checked.  Similar  fact" 
have  1)0011,  in  some  few  instances,  observed  with  regard  to  patho<Tei;;c 
microurjxanisms. 

8upposiiiir.  then,  tliat  we  could  saturate  the  animal  bodv  with  Ni'- 
2,  the  p  rati  wt  of  the  li\dro])hobic  poison,  this  would  clieckthe  dt'\<*l- 
opniont  of  No.  1,  tlie  iiiioro<")rganism,  so  that  if  the  process  were  con- 
tinuoil  long  enough  tlio  latter  would  die  and  be  incapable  of  producing' 
its  delotcriou.s  poison. 

If  this  tliooroticnl  explanation  be  well  founded,  the  effect  of  tin' 
successive  inoculations  of  weakened  virus  is  to  introduce  into  the  Ix^i^ 
so  much  of  the  poisonous  product,  in  the  form  of  weakened  virus.  aV 
to  prevent  the  dovolopinent  of  the  organized  virus  or  organism  in  tiie 
original  wound. 


CHAPTER    XXXYI» 

TIIIKD  CLASS  OF  SPECIFIC  DISEASES:   CONTA(;iOUS 
SUPPURATIONS. 


Biseases  of  which  the  Specific  Poison  is  Contained  in  or  Conveyed 
Pub. — Thy  vafietj  of  •liseases  wliicti  tuny  l»e  t'onveyt-Ml  by  uiilieiiltliy 
^us  i.s  enrmgh  to  show  that  pu:^  ahme  uiid   lu   itself  camiot  be  tiii'ir 
luse.  but  that  tliere  must  be  a  speciBc  poison  conveyed  by  it  in  tlio 
ise  nf  eacli  disease. 
We  slmll  here  consider; 

1.  ContngiouH  siippumtion  of  the  skin,  or  Impetigo  contagiosa. 

2.  Coiitagious  opbthalmiii. 

3.  Soft  cimncre,  ur  clinncroid. 

4.  Cronorrbiea, 

5.  F'yaMiiiii. 
1.  Contagious  Suppuration  of  the  Skin, — Porlinps  the  simple-st  case 

if  a  specific  pi>i?iuii  L'ljtivcyed  ly  jnis,  is  that  of  ilie  iiiuciilabie  pustiiiar 
affection  called  Impetigo  contsigiosa. 

Ill  this,  sup[miation  on  one  part  of  the  surface  uf  the  body  is  cuj\- 
veyed  by  the  fingers  or  other  means  to  other  parts,  and  there  inocu- 
lateil.  producing  pustules.  In  the  same  way  it  may  be  conveyed  to 
anutlior  person,  and  thus  constitutes  a  contagious  iifl'ection,  which 
sprends  in  houses,  and  esjtecially  iu  scliools.  The  writer  has  shown 
that  the  poisou  may  he  derived  not  niily  from  a  preexisting  skin 
aflbetion,  but  from  other  forms  of  superficidl  snppunition,  such  a> 
otorrluTa,  conjunctivitis,  festering  wounds,  wiritlows.  and  even  ulcera- 
tive stomatitis  ;  while,  conversely,  pus  from  the  skin  aflectiou  may 
cause  some  ut  least  of  these  diseases.  It  affects  the  lymphatic  glands 
very  rajiidly  and  certainly. 

Tlie  disease  is  t[uite  local — the  poison  does  not  enter  the  blood  or 
infect  the  body,  and  heJiee  one  inoculation  does  not  protect  against 
others.  Thus  the  afTeclion,  though  contagious,  is  not  an  infective 
disease. 

There  is  evidently  something  specific  in  the  poison  thus  conveyed, 
for  all  pus  is  ni>t  inoculnhle  in  the  s:»nie  way.  That  from  large  open 
wounds  is  rarely  locally  contagious,  though  perhaps  an  approach  to 
the  same  condition  may  be  seen  in  the  crop  of  pustules  which  some- 
times breaks  out  around  a  healing  wound.  On  the  other  hand  a  cer- 
tain predispositi(ui,  either  of  age  or  constitution,  greatly  favors  the 
inoculation.  LMiiblrt-n  mostly  sulftr,  and  adults  are  with  difficulty 
inoculable.  though  they  etijoy  no  immunity.' 
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It  is  difficuU  u>  say  ivliat  die  nature  of  the  poison  is,  Micr«oi*g 
are  constantly  found  in  the  pus,  but  do  not  appejir  lo  differ  fmoiti* 
found  in  otiier  suppunitions,  such  as  in  boils  and  cr-'  ■•■-'';  fv 
question  of  the  specific  nature  of  these  will    be  dis'  cr  ia. 

but  in  the  tncatititne  il  nuiy  be  pointed  out   that  a  «ii'  ^  b*» 

on  the  skin  may  be  derived  mie  from  another  by  inti*  i,  ikt  tii 

pustules  of  impetigo.  In  both  Ciises  preenure,  as  that  of  cJ'»t£i«  .: 
eert4iin  parLs  of  the  body  where  boils  are  cointnoii,  and  scratfliiu;;  i 
the  case  of  iinpeti_^o,  undoubtedly  favora  the   inoculation  of  th*  v  ro 

2.  Gontagioas  Ophthalmia. — It  is  well  known  that  sufterficuj  % 
fhiiaination  uf  the  eyes  i.s  souietiraes  contagious,  but,  on  th«r  •><W 
hand,  it  i.s  very  strenuously  denied  that  it  always  is  so.  Ag&iu,  r.* 
occurrence  in  an  epidemic  form,  in  sciiools,  etc.,  may  be  tLuo^iit  • 
.show  that  a  special  irrit.int  i.s  diffused  in  the  air  or  dost.  It  hto 
also  established  that  a  cachectic  condition  of  body,  and  youth  tn  tW 
jiatieiits,  predispose  to  the  disease. 

I  have  km>wti  this  adection  to  be  pnidueed  by  cont  i  r-tr^' 

and  ai.>*o  to  give  rise  to  that  disease  both  in   the-    saiiit'  .il  - 

in  otla-rs. 

These  considerations,  to;iether  with  the  fact  that  contnpiou'  'x-^ 
appear  to  pass,  by  imperceptible  gradations,  into  nun-contniziiiuMni^! 
it  difficult  to  trace  the  path  of  a  morbid  poison  from  • 
another:  but  it  is  dear  that,  sometimes  at  least,  the  se<r. 
an  inflamed  eye  possess  tiie  property  of  setting  up  a  .similar  inlLitnai*- 
tion  in  others,  and  therefore  sotue  specific  poison  must  be  contmnd  :t 
them.  The  poison,  however,  never  enters  the  blood,  nnd  hcncf  ifce 
disease  h  iif^t  constitutional  or.  strictly  speaking,  inft'ctive. 

3.  Soft  Chancre  or   Chancroid. — Tliis  affection    supplies  nnnihtt 
instance  <d'  a  locally  inoculable  and  contagious  form  of  pus.      f 
characters  which  distinguish  it   from  a  .syphilitic   sore,  refereti  ■ 

be  made  to  surgical  works. 

It  bus  been  proved  by  repeated  exfieriments  that  the  seereti'-n^  •''•  • 
such  a  sore  can  be  inoculated  in  other  part-s  of  the  body  of  tbc  i 
but  do  not  give  rise  to  any  constitutional  disease;   and  tliese  <• 
thus  distinguished   from   the   primary  lesion  of  syphilis.      Tl 
also  produce  by  in(K-ulatii)n  similar  sores  in  other  patients. 

The  [toison  cannot  be  the  same  as  that  of  impetigo  or  of  gon-'  • 
since  the  lesions  produced  arc  different. 

We  have  here,  therefore,  another  instance  of  a   localiy  ootn  ■_ 
and  inoculable,  but  not  an  infective,  disease. 

4.  Gonorrhcea. — It  is  a  Avell-estabhshed  fact  that  lb- 
tain  urethral  inflammations  is  capable  of  producing  u  - 
nmtion  in  other  patients,  and  hence  we  must  conclude  that  Sfjti 
is  contained  in  this  pus.     The  only  difliculty  in  adopting  tb;- 
tion  is,  that  some  forma  of  urethi-al  suj^})ur;ition  do  not  ap 
contagions;  but  this  does  not  take  away  from  the  specific  it. 
tiotis  the  contagious  property  which  they  pos-sess. 

The  pus  of  gonorrlitea,  if  applied  to  the  conjunctiva   of  :' 
produces  a  very  severe  form  of  intlammation,  whi(di  pi  >ssr->:«,p*  ,,y.i 
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le  same  conta.friciu.s  pro|iertics.     It  appears  to  be  innocuous  on  sound 
:in,  or  even  if  inoculntetl. 

In  most  cases  tlio  virus  does  not  enter  the  eirculalion,  nnd  the 
liffections  remain  local,  like  those  suppurative  affections  already 
spotkcii  (if. 

In  some  cases,  however,  the  poison  is  evidently  di-stributed  bv  the 
Sirculation,  and  produces  secondary  lesion  in  distant  parts. 

The  commonest  form  of  such   lesions   is   an  inHamiuation  of  the 

)ints,  the  so-called  gonorrhtfal  rheumatism,  the  special  characters  of 

rhich  need  not  he  considered   here.     Another  secondary  lesion  is  one 

j^ffoctinj;  the  eyes,  which  was  observed  lung  ago,  by  Sir  Astley  Cooper, 

Miietimes  to  accompany  the  joint-affection. 

This  is  often  diaplayetl  in  affections  of  the  deeper  structures,  or 
clerotitis,  and  is  thus  reatlily  distinguished  from  the  results  of  super- 
Icial  inoculation  of  the  conjunctiva.  Sometimes  the  conjunctiva  is 
fectcd,  but  even  then  the  mildness  of  the  inHammation  contrasts 
rith  tbe  great  severity  of  inoculated  gonorrhtcal  conjunctivitis. 
^'^het}ler  any  titlier  intitrnal  lesions  are  produced  is  not  known. 

These  facts  forbid  us   to  regard  gonorrbcea  as  a  purely  local  affec- 
lon.     Since  the   poison  can  enter  the  blood,  the   disease  is,  to  that 
ctent,  infective  and  constitutional.     TJut  the  constitutional  symptoms 
produced,  beyond  fever,  are  not  notable. 

The  manner  in  which  the  poison  becomes  generalized  is  not  known, 
fevertheless.  since  the  deep  pelvic  veins,  e.  </.,  the  [U'otitatic  jdexus  in 
lan,  are  often  found  after  death  from  various  causes  to  be  the  seat  of 
h'otfibosis,  it  is  possible  that  the  machinery  of  distribution  is  the 
ime  as  that  about  to  be  described  in  pytemia.  But  there  is  uo  direct 
'po.st-mortem  evi4lence  as  regards  gonorrlnca. 

Recent  researches  have  maile  it  almost  certain  that  the  .specific 
virus  of  gcmorrlnea  is  contained  in  a  micrococcus  (gonncoccus)  to  be 
descrilicd  hiler  on.  It  Ls  even  stated  that  this  organism  has  been 
found  in  the  secrmdary  joint-inflammations,  as  well  as  in  the  original 
lesion,  but  several  inveatigatoi-s  have  entirely  lailcd  to  find  the  gono- 
coecus  in  tbe  inflamed  joints.  It  is  possible  that  a  suppurative  virus 
may  be  luixcfl  up  with  the  specific  orgauism  of  gonorrh<ca. 

5.  Fysmia. — The  essential  fact  iu  this  disease  is  that  inflammation 
of  one  part  of  the  body  produces  secondary  foci  of  inflammation  in 
distant  parts. 

It  was  at  one  time  thought  that  pus  was  ahmrhed  at  the  original 
seat  of  inflammation,  and  dcpositi'd  in  the  .secondary  foci ;  hence  tbe 
names  "  ptirnlent  absor])tiiin  "  and  "secondary  deposits."  Though 
this  is  now  known  not  to  he  the  case,  doubtless  there  is  a  transference 
of  some  morbid  material  from  the  primary  focus  to  the  secondary ; 
and  this  must  be  regarded  as  a  specific  virus.  It  is  possible,  however, 
that  there  is  more  than  one  such  virus,  and  that  [lyjiemia  is  really  the 
name  for  a  group  of  diseases  rather  than  one  only  ;  but  everything 
points  to  the  introduction  of  some  poison  from  without  as  being  the 
cause  of  tlie  symptoms.     Thi.s  enters  the  blood  and  causes  constitu- 
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tioual  disturbances  as  well  us  local  iiitlaniiuation.s.  It  is  iiotfirj't 
what  way  it  Ipiives  the  hody,  if  it  does  so  at  all. 

The  evidfiH"!'  for  the  disease,  or  di.seasos,  ht'in«j  prodti' 
cifio  poison  introduced  into  tlie  body  f'row  without  is  <>f  ; 
kind : 

1.  The  disease  mostly  begins  with  a  wound,  whirlj.  ln-i'>f 

the  syraptoms  arose,  is  usually  changed  in  cJiamcter  »»r  '■  • 
"iinhealtliy."  Tlie  wound  uiay,  however,  be  very  slight,  iithliutW 
a]>pareutly  running  u  Mornial  ci>urse. 

2.  It  aft'ects  large  numbers  of  ineu  at  once,  as  in  armies,  nr  b  c» 
tain  hospitals. 

3.  The  infection  remains  attached  to  cert.ain  buildings,  and  iil*»ti 
material  objects,  puch  as  clothing  and  instruments. 

4.  The  reception  of  the  infection  Ity  a  wound  mav  be  almoe«t  etitirrh 
prevented  by  preventing  the  entrance  of  a  poison  from  without,  wthfi 
by  itnti.se[>tic  precautions  or  by  very  scrupulous  ordinary  cUnuIuir- 
^^hich  of  these  methods  is  the  better  is  a  very  important  <|  i-- 
pnictically,  hut  not  in  relation  to  the  point  herb  considered.     1*    • 
methods  the  disease  has  been,  in   some  places   where  it  wa*  f  :.;• 
prevalent,  quite  stamped  out,  antl  rendered  of  late  years  coinpftnititdlj 
rare  in  all  European  hospitals. 

5.  The  occurrence  of  pysemia  without  any  discoverable  Mttrai 
wound,  sometimes  called  "medical  pya*mia,"  of  wbicli  tlier*-  CMkW 
no  doubt,  is  al.so  evidence  in  the  same  direction,  although  it  has  l«« 
interpreted  in  two  ways. 

(ij  It  lias  been  sup)>osed  to  show  a  spontaneous  or  idiojiadiic  |«i- 
cration  of  pyieniiapoison  within  the  body.     (2)  Such   case«  ibitW 
regarded  as  sallowing   the  reception  of  the  poison  by  some  other  clua- 
nel  than  by  a  wound.     The  writer  strongly  inclines  to  the  latter  nf» 
It  seems  improbable,  and  not  to  be  supposed  without  exhan  -'         -  ' 
(hat  such  a  disease  shouhl  rise  spontaneously  in  |)ersons  r- 
fieahliy.     On  the  o'lier   band,  supposing  the    pyaemic   | 
diffuscij   in    human   dwellings,   it   must  from  time  to   tim- 
respiratory  and  digestive  channels,  where  it  will  mostly  be  inoocooiu. 
but.  in  rare  instances,  from  some  accidental  lesion,  enter  the  hM 
and  become  widely  distributed.' 


1  Roforctii'e  may  Im>  lumlo  to  two  cu«es  previotislv  described   |»y  thr   writ*^ 
Path,  fine  ,  xsii.  p.  332),  in  which  pyieniirt  oroiirro"!  wilhoiil  '•xtcntnl  w  . 
In  one  of  tbeiw  cases  the  symjitoiiis  >A'  pyieiniii  were  uniloul«i»«fl,  vjx  ,  v 
sappurativi- arthritii*  of  one  knee-joint  itnil  riitnneous  s-uppiiniiidn.      J' 
found  a  eaMM>iii>i  (!H-r<ifiilou<<7)  glnnil  oontninini;  putty-like  iiinttor.  af*faiT, 
crablo  ace— Wf'eks  or  month* — withoni  pus.     This  liud  vtfteped  attil  •  i 
dnperior  vpiia  cava,  where  it  pruducofl  a  priim)<Ung  thn'intms.  frrtru  w  i 
Hiippofied  that  infoction  of  the  blooil  ha4l  takon  placv.    Therv  «r«rv>  tk  r 
noilttles  in  the  liinjf,  ami  s  very  feM-  tninule  ttcful  iilHto«ase«  also.      ii    n,.. 
ghtnd   oontuiiied  thp  ]Hjlson,  il  must  havo  reoeivei!  it  frotu  tlio    {uuk»,  ».t» 
th«>  r««piratory  oliannel*.     At  the  tiin«  t]tii>oliwrvnti<>n  wii5  mitde,  in  l(<7a, 
was  }Mild  to  micniKritnniRmi'.    The  (paciiiicii  in  in  titt^  mu»«um  of  8l.  Marri 
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Morbid  Anatomy  of  Pyaemia. — Tin-  cxttrnal  cluirapttT  of  vvnunds 
hrliicli  iinijit  coniiiUJiily  give  risr  to  pvieniia  nrc  dcHcrilied  in  surgical 
forks.  It.  need  rmly  be  remarked  tlial  there  is  generally  a  defieiency 
'  healthy  graiiuh*tioiis  and  tree  snifyjiuration,  which  evidently  acts  as 
harrier  to  the  introduction  of  forei<rn  bo<Hes,  The  disicase  usually 
fffins  suddenly  with  rigors,  iind,  iuvarinhly,  witli  fever. 

The  parts  adjoining  the  wnund  sonietime-s  prt'sent  do  niarlced  char- 

icters,    hut   in  the  majority  of   Cfisej?   the   veins  are  found   affected. 

They  contain   dots,  not   normal   in  appe«rai>ce,  but  pale  or  mottled 

nd  usually  crumbling,  or  softening  into  a  pulpy  mass  of  a  pinkish  or 

yellowish  color. 

The  softened  material  often  superficially  resembles  pus,  hut  on 
tnicro.'^eopical  examination  ih  found  to  consist  of  granrdnr  d^hrix,  with 
perhaps  some  shrivelled  eorpuiscle.s.  In  rare  ca.se.s  actuid  pun  has  been 
fiuntl  in  the  vein,  and  still  more  rarely  pus  has  been  found  directly 
entering  it. 

The  coats  of  the  vein  are  often  thickened  and  inflamed,  especially 
the  intima;  and  the  mass  of  clot  is  sometimes  so  large  that  the  vein 
appears  swollen. 

The  explanation  of  these  apjvearances  appears  to  be  that  the  poison 
from  the  wound  passing  into  the  veins,  either  from  nmall  unnoticed 
vessels,  or  by  directly  penetrating  the  walls,  first  coagulates  the  blood 
in  the  veins;  and  this  coagulation  to  some  extent  interposes  a  barrier 
to  its  passage  into  the  circulation.  But  in  cases  where  general  infec- 
tion results  this  harrier  is  !«oon  broken  down  by  the  .softening  antl 
di.*integration  of  the  clot,  which  process  supplies  the  machinery  by 
whicli  the  poison  is  distributed  over  the  boily. 

Uy  means  explained  in  the  chapter  on  thrombosis,  softened  mate- 
rial or  small  fragments  of  clot  are  carried  along  the  veins  and  through 
the  heart  till  they  reach  the  liing«.  and  often  beyond  them,  into  the 
systemic  circulation.  The  lesions  thus  ])roduced  are  calied  n:c- 
ondarif. 

Secondary  Lesions  of  Pyaemia.— i»ny.t.  We  find  blocks  or  infarc- 
tions, and  abscesses. 

The  blocks  resemble  to  a  great  extent  the  simple  embolic  blocks 
already  describeil.  They  are.  however,  on  the  average  small  in  size, 
nat  usually  larger  than  a  Ijiizelnut,  r.r  perhaps  the  size  of  a  walnut. 
The  slia]»e  is  very  irregular.  The  solid  dark-red  hemorrhagic  block  is 
seldom  seen  ;  the  most  usual  ajjpcarance  being  that  of  a  yellowish 
crumbling  mass  or  abscess-cavity  surrounded  by  deeply  congested  red, 
or  almost  black,  tissue.  They  are  generally  .situated  at  the  periphery 
of  the  lung,  and  the  pleural  surface  is  inHamedand  coate<l  witli  lymph. 

The  arterial  hranches  leading  to  the  diseased  jisitches.  if  enrefully 
examined,  are  almost  always  found  to  be  hlncked  with  srd't,  yellowish, 
granular  material,  in  fact  with  ilisintegrated  filiriu.  This  material  is 
probably  in  part  derived  from  the  veins  of  the  primarily  inHamed  part, 
being  in  fact  an   embolus;  yiartlv  it  is  tlie  result  of  bical  thrombosis. 

The  softeneil  or  puriform  matter  in  the  centre  of  the  block  is  usu- 
ally  found    to    consist   of    necrotic   material    like    that    of   a    .simple 
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infiirctus,  mixed  uitli  ]ni:(-curpusc1es.     But  sometimes  it  ixactiali 
ami  the  lesion  may  tlieii   hv  describod  as  a    true  abs«ces&.     PrnUttr' 
necrosis  is  the  first  suige,  and  sujijiiiratiou    the   second,  «>r  the  iU^» 
of  suj>puf.ition  may  depend  upon  the  iniensitv  of  the  poisuo. 

It  is  plain  that  these  Jippeavanees  depend  upon  two  fiict«i^,  n. 
arrest  of  circtilutiun,  like  that  produced  by  a  simple  etnbolus.  aiidU 
neerci^is  and  suppuration,  produced  by  the  poison  which  tlie  eah4> 
coiix'eys. 

When  the  abscesses  are  very  small  and  the  suppunilion  very  toltaM. 
little  01"  no  obstruction  may  be  found  in  the  arterial  branchtii. 

In  such  cases  the  conveyed  materia!  probably  causes  «{iillir 
obstruction  rather  than  true  embolism,  and  the  capillnries  onpnit 
blocked  are  <lesiroYed  by  the  suppuration.  Genei"al  jis  well  a  loral 
jileurisy  may  result  from  the  extension  of  the  infective  proceAv  TW 
production  of  lesions  in  the  Inngs  is  specially  cliaracteristic  of  ji«tw?» 
resulting  from  tlirombosis  and  embolism.  But  there  is  pfti- 1, 
believe  that  there  may  be  also  a  {ipnphatic  jyi/t^mia,  in  whirii  tf< 
poison  passes  alouj;  the  lymphatics  and  is  first  arrested  in  the  >ri«t't. 
Subsequently  it  will  produce  the  same  general  infection  as  in  tlia  at 
first  siijtpiised. 

The  diseases  included  under  the  general  teriu    "puerperal   fewr 
8up]ily  examples  of  hotli  these  processes ;  as  in  some  cases  thmtnbia* 
of  the  veins  is  a  marked  feature,  in  others  the  lyniphHticsare  biteaiAr 
Tected,  but  in  both  there  is  a  general  infection. 

In  cases  of  suiiposed  iiiiopathic  pysemia  abuve-mentioned  UieKiMT 
or  may  not  he  embolic  blocks  in  the  kings.  Those  cases  espeosllT 
tend  to  become  chronic;  a  felirile  disease  arising,  of  which  the  Utni 
is  ofVen  for  a  long  time  obscure. 

(.leneral  infection,  and  the  pro(hiction  of  multiple  leaions  in  distul 
parts  of  the  body,  characterize  all  these  forms. 

Lesions  of  Other  Organs. — Supposing  the  pyajmic  virus,  bv  "Iwi- 
ever  clianiie!  it  m:iy  have  entered  the  blood,  to  pass  the  pufinciiun 
circnlatiou,  not  being  arrested  tliere,  or  only  partly,  it  mav  gi*"!?  xt* 
to  similar  phenouu-na  in  other  organs.  Experiment  has  prove*!  tl» 
possibility  of  finely  divide<l  materia!  ptissiug  through  the  pulmoiurT 
capillaries  and  becoming  arrested  in  the  systemic.  For  «>bvinus  n?»«>w 
the  obstniction  in  these  secondary  lesiuns  will  be  in  ciipillnries,  tint »» 
larger  vessels,  and  it  is  seldom  ]»ossible  tn  Bn<l  clots  in  tlio  veafk 
The  lesions  have,  therefore,  nitliei'  the  chariicier  of  ab!$ces»r«  »'"i 
blocks. 

Such  abscesses  are  more  often  seen  in  the  liver  than  else    ' 
are  there  usually  ijuiht|dc.     They  may  also  occur   in    the 
neys,  spleen,  cellular  (issue,  skin,   etc.     Suppurative   inHatuuiAU^M 
joints  also  fre'juently  occure.  t. 

It  is  clear  that  some  substance  is  distribute*!  by  the  blood  whtcKj 
the  power  of  producing  inflammation,  and  piohably  also  of  coaeul 
the  blood. 

Nature  of  the  FysBinic  Poison. — It  was  thought  that  p«., 
the  poison  producing  these  changes,  and  that  this  entered  the  >'■■ 
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But  it  is  certain  that  this  does  not  occur.  The  phenomena  of 
pyaemia  are  explained  by  two  processes :  (1)  the  absorption  of  liquid 
or  diffusible  matters,  which  cause  fever  and  the  general  symptoms  of 
the  disease,  i.  e.,  what  is  called  septic  poisoning;  (2)  the  entrance  of 
the  solid  or  minutely  divided  matters,  which  cause  the  local  obstruction 
of  circulation,  necrosis,  and  abscesses. 

The  nature  of  the  fever-producing  substance  is  still  uncertain.  It 
may  be  one  or  more  of  the  bodies  called  ptomaines  described  else- 
where ;  or  it  is  possible  that  it  is  an  albuminous  substance,  more  of 
the  nature  of  a  ferment ;  or  there  may  be  substances  of  both  kinds. 
The  ptomaine  or  toxine  would  then  be  the  cause  of  fever  and  poison- 
ing :  the  ferment  of  the  necrosis  of  tissue,  which  is  also  a  conspicuous 
feature  of  pytemia  {iee  Septic  Poisoning,  p.  311). 

The  solid  or  "  particulate"  matters  are  almost  certainly  micrococci, 
which  may  be  associated  with  fragments  of  broken-down  clot. 

With  regard  to  the  connection  of  these  two,  it  is  possible  that  the 
micrococci  produce  the  ptomaines  or  other  diffusible  poisons ;  or,  on 
the  other  hand,  that  the  two  are  independent,  and  that  the  micrococci 
only  exert  their  specific  influence  in  the  presence  of  the  other  materials 
which  are  derived  from  decomposed  tissues  and  fluids. 

Micrococci  are  found  constantly  after  death  in  the  secondary  lesions, 
either  within  the  capillaries  or  in  the  tissues ;  but  as  they  multiply  in 
the  dead  body,  the  numbers  present  under  these  circumstances  are  no 
evidence  that  the  same  existed  during  life.  They  are  not  constantly 
found  in  the  blood  during  life.  But  their  presence  or  absence  in  a 
drop  of  blood  drawn  for  examination  must  be  largely  a  matter  of 
chance. 

The  species  of  micrococci  will  be  discussed  hereafter  ;  but  it  should 
here  be  stated  that  they  appear  to  be  the  same  as  are  found  in  pus 
from  ordinary  inflammations. 

Their  special  effect  in  producing  pyremia  would  then  be  due  either 
to  combination  with  a  septic  poison,  as  above  suggested,  or  else  to  their 
numbers,  since  under  ordinary  circumstances  the  micrococci  of  sup- 
puration enter  the  blood,  if  at  all,  in  very  small  numbers. 

Septiceemia. — In  some  cases  of  pyremia,  death  results  from  general 
constitutional  disturbance  without  seconilary  lesions. 

Such  ca.se8  have  been  described  as  septiceemia,  it  being  supposed 
that  the  disease  is  then  due  to  the  absorption  of  putrid  matters,  with- 
out any  necessary  participation  of  micro<")rgani8ras.  This  may  or 
may  not  be  the  case ;  but  the  term  septicfemia  has  been  used  in  so 
many  senses  that  some  explanation  must  be  given  of  them :  (1)  As 
above,  for  the  disease  produced  by  absorption  from  unhealthy  wounds, 
without  secondary  abscesses,  etc.  (2)  Disease  pro<luced  by  the  direct 
introduction  of  putrid  matters  into  the  blood.  Such  diseases  have 
been  often  produced  artificially  in  animals.  If  the  condition  occurs 
in  human  pathology,  it  is  when  some  part  of  the  body  is  in  the  state 
of  putrid  decomposition  or  gangrene.  It  has  been  proposed  to  call 
this  condition,  by  way  of  distinction,  mprcemia,  or  septic  poisoning. 
(3)  Of  late  years  the  same  name  has  been  given  to  a  variety  of  arti- 
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ficial  diseases  produced  in  animals  by  inoculating,  not  patrid  materAi 
direct,  but  bacteria  contained  in  and  cultivated  from  them.  S^ra 
such  diseases  were  first  produced  and  distinguished  by  Koch.  It> 
doubtful,  however,  whether  such  ever  occur  spontaneously  in  "Ji 
human  subject,  and  obviously  they  have  not  been  produced  byexp- 
ment  in  man. 

With  regard  to  these  different  definitions  or  different  senses  of  ■:i 
word  septicaemia,  the  following  observations  must  be  made: 

1.  The  question  whether  there  is  or  is  not  a  disease  arising  in 
wounds,  which  should  be  called  septicaemia,  as  distinct  from  py»aa 
is  one  belonging  to  special  surgery  and  cannot  here  be  discussed. 

2.  The  condition  called  mprcemia  is  a  form  of  poisoning :  it « 
not  pass  from  one  person  to  another,  and  therefore  is  not  a  specil 
infective  disease  as  here  understood. 

3.  The  artificial  diseases  of  animals  do  not  require  considentie 
here ;  but  they  are,  strictly  speaking,  specific  infective  diseases. 


CHAPTER   XXXYII. 

..FOURTH  CLASS  OF  INFECTIVE  DISEASES:  GRANULATION- 
TUMORS  AND  ALLIED  DISEASES. 

In  ihis  class  the  local  efftfcftt  of  the  virus  on  the  tissues  are  tlit*  most 
larked  iVature.  The  products  of  this  aetiun  constitute  the  so-called 
infective^  granulomata  or  else  more  acute  forms  of  local  intlamiiiMtion. 

The  grt-ati-r  imuiber  of  tfn^se  diseases  may  be  inoculated,  Jirid  when 
thus  introduced  into  the  hody,  produtie  ii  well-marked  initiid  k-sioti 
The  sub9e<4ueut  chnntre!*  have,  for  the  most  part,  the  character  of  pro- 
gressive inilammatory  new-formations.  They  tend,  in  most  casea,  to 
become  chronic,  because  the  new  elements  produced  are  generally  more 
permanent  than  tho-te  of  the  acute  specific  fevers,  and  because  the  virus 
is  capahle  of  retaining  its  vitality  for  a  longer  period  in  the  hody,  and 
because  the  changes  produced  are  more  local  than  general. 

Fio.  7!>. 


The  mUM  »l>iiw«  wverul  tuliereuhir  foci  or  "gianl-cell  gyit«nis,"  with  ootomencing 
fibrous  f -rinntion  ;  (ft),  giant-colls;  c,  bloodve>«»el  \a  tissue  between  the  lul>ereul»r  foci? 
/,  fibroid  tissue;  r,  cajterins  (iialeriul. 

In  this  respect  they  form  an  ascending  series,  from  anthrax,  wliich 
is  the  most  acute,  to  leprosy,  which  is  an  exceedingly  chronic  diseawe. 
The  last-named  is  not  actualJy  known  to  be  inoculable,  and  ii^  not 
certainly  ctuitagious,  hut  nevertheless  has  more  affinity  with  this  class 
than  with  anv  other. 
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These  iliseases  are  referred  to  in  the  chapters  on  ilic  infa 
uloinata  utnl  on  vegetul»Ie  parasites,  liut  we  shall   here  d« 
plienomeiia  Jis  Aue  to   the   action  of  a  tnoi'bid    poison  (««r 
XXIV.). 

Tttbercle. — The  word  tubercle  means  merely  a  stniitl  lump,) 
formerly  used  fi)r  any  small  growth  o(  globular  8lia[>e.  hm  ua 
special  .sense.     After  much  controversy,  the  structure  ktiowDa*ic 
miliary  tubercle  i.s  now  regarded  as  the  essential  type  i»f  tht-  tt 

Stu-li  a  tuWrele  is  n  body  about  one-.sixteenth  to  ntie-^'ighi 
inch  iu  diameter,  rmiglily  jrlobuliir,  but  lonkin<j  uii<;ular  on 
a  pearly  gray  or  yellowish  color.  On  section  it  is  foun<i  to 
posed  of  lymphoiil  cells,  of  so-called  epithelioid  or  fortnatirecdUi 
often  of  very  large  cells  with  many  nuclei,  calle<l  ;ji:»f  "  "  ~^ 
are  arrimged,  speakiujj  broadly,  in  the  above  oriler,  pa 
side  inward.  There  is  sonietimfs  a  fine  reticular  stroma,  liiit?  uu 
a  lym[ilvatic  gland,  so  that  tubercle  ha.s  been  fiescribeJ  a£  a  eril 
lymphoma;  but  it  i.s  not  constantly  found.  The  three  kinds  of  « 
are  not  always  present ;  snuietimes  two  only,  sometimes  lyniphc 
alone.  Tubercles  large  enough  to  be  visible  usually  contain 
such  foci. 

Fl<!    •*<•. 
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Structure  nf  tubercle  (more  liiglily  iniigniG«<l  >. 
<^,  giHUt-celU  with  prolonealion ;  e.  t>pitlielioi(l  cells. 

This  Structure  is  tjuite  non- vascular :  the  capillaries  in  well-ii 
specimens  being  traceable  to  t!ie  very  margin  of  the  tubercle*, 
into  it,  so  that   if  vessels  are  ever  forujcd  they  nre  very  e«rli 
erated. 

There  can  be  no  doubt  that  thi.s  structure  is  really  a  pi     

inflammntion.  set  uji  by  the  action  on  the  tissues  of  tht*  sp<>ctal  «1 
of  tubercle     This  virus  consists  of  a  bacterium,  the  "  tuberclc-l 
which  irritates  the  tissues,  either  directly  or  by  means  of  tlio  «ul 
which  result  from  the  chemical  chunges  it  sets  up.      The 
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the  inflammation  takes  a  special  form,  which  may  make  it  difficult  to 
recognize  the  process  as  such,  have  already  been  considered.  But,  in 
order  to  show  that  the  mechanical  irritation  of  small  foreign  particles 
may  produce  giant-cells  and  a  structure  resembling  tubercle  in  animal 
tissues,  Baumgarten,  by  introducing  fine  hairs  into  the  cornea  of  a 
rabbit,  produced  the  structure  represented  in  Fig.  81,  which  may  be 
called  a  pseudo-tubercle.  We  see  the  fragments  of  hair  either 
embedded  in  a  giant-cell,  or  surrounded  by  a  group  of  epithelioid  cells, 
the  whole  connected  by  a  granulation-tissue,  so  as  closely  to  resemble 
a  tubercle.  The  question,  how  it  differs  from  a  true  tubercle,  is  a  very 
interesting  and  important  one. 

Briefly,  we  may  say  there  are  two  essential  points  of  difference 
between  this  and  a  tubercle  produced,  let  us  suppose,  by  inoculation  of 
tubercular  matter  into  the  cornea  of  the  same  animal.  (1)  The  pseudo- 
tubercle  forms  a  small  mass  of  fibrous  tissue ;  a  small  scar,  in  fact, 
without  further  change.  In  true  tubercle  there  is  subsequently 
necrosis,  or  death  of  the  elements,  leading  to  caseation.  (2)  The 
pseudo-tubercle  remains  single,  having  no  power  of  forming  other 
similar  structures.  True  tubercle  has  an  infective  power,  producing 
other  tubercle  in  its  neighborhood ;  and  if  inoculated  into  one  point 


P*en<lo-tul)ercle,  produced  in  rabWt's  cornea  by  irriUitii>u  of  hair*  (BAVU(iAKTEN). 
Hlf.  fragments  of  hair;  £,  collection  of  epitlielioid  cell  •s  round  the  foreign  body;  ijr, 
giant-cell;  cc.  many-nucleated  epithelioid  cells  formina;  tranrsition  to  giant-cells;  I c, 
leucocytes. 


may  produce  a  series  of  fresh  foci  of  disease,  by  which  the  virus  is 
transmitted  through  the  tissues,  to  other  parts  of  the  same  organ,  to 
lymphatic  glands,  or  to  distant  parts. 

The  cells  of  tubercle  have  thus  nothing  distinctive  about  them. 
Similar  elements,  leucocytes,  epithelioid  cells,  or  fibro-blasts,  and  even, 
though  sparingly,  giant-cells,  are  seen  in  granulations.  But  tubercle 
is  distinguished  from  the  structure  just  named  by  the  abundance  of 
giant-cells,  by  the  arrangement  of  the  elements  in  a  nodular  form  ; 
and  by  the  tendency  to  necrosis. 
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The  most  absolute  distinction  is  the  presence  of  the  tubercle  b- 
lus,  an  organism  which  will  be  more  minutely   described  in  aniKM 
chapter. 

Inflammation  and  Tubercle. — Besides  the  special  inflamnutk 
which  produces  the  tubercle,  there  is  always  inflammation  of  tL^'si- 
nary  type  in  the  organ  affected,  or  it  is  wanting  only  when  the  tnhft- 
cle  is  in  the  earliest  stage.  The  kind  of  inflammation  varies  withi 
organ ;  thus  we  have  tubercular  pneumonia,  tubercular  meniDgiti. 
peritonitis,  etc. 

The  inflammation  is  almost  always  secondary  to  the  tul)ercle:  te 
rarely  the  converse  may  be  seen — that  is,  tubercle  extends  into  ne»if 
formed  inflammatory  tissues,  such  as  fibrous  adhesions  in  the  pl«ni 
But  this  only  occurs  when  a  tubercular  infection  already  exists. 

Changes  in  Tubercle. — Tubercle  is  liable  to  two  kinds  of  chw 
or  degeneration  :  (1)  caseous;  (2)  fibroid. 

1.  Caseous,  or  cheesy,  degeneration  is  a  dry  necrosis  which  btfii 
in  the  tubercle  itself  and  extends  to  the  surrounding  inflammawn 
products.  It  produces  yellow,  crumbling  masses,  formerly  calW 
yellow  tubercle,  or  scrofulous  matter,  which  are  not  peculiar  to  mn- 
cular  disease,  though  most  common  in  connection  with  it.  It  conasi 
of  shrivelled  lymph-corpuscles,  granular  matter,  and  fat.  The  es* 
tial  cause  of  this  change  appears  to  be  twofold:  viz.,  deprivation </ 
blood-supply,  and  the  necrotic  action  of  the  tubercle  virus. 

Masses  of  caseous  matter  are  generally  met  with  in  some  part  i 
the  body  of  persons  dying  with  tubercular  disease  ;  and  doubtless  i 
most  cases  represent  a  degenerated  condition  of  true  tubercle,  thos^ 
the  converse  explanation  has  been  given,  for  reasons  to  be  preseciij 
stated.  The  ultimate  change  is  that  the  caseous  mass  softens,  bresk' 
down,  and  forms  an  ulcer,  an  irregular  abscess-cavity,  or  a  vomio. 
according  to  its  situation.  This  change  is  usual  in  the  lunf»:  al?-)  ai 
lymphatic  glands,  in  bones,  and  less  constantly  in  other  parts  of  tk 
body  wliere  tubercle  occurs. 

2.  The  fil)roid  change  is  seen  especially  in  certain  parts  of  :tf 
body,  as  in  the  serous  membranes  and  sometimes  in  the  lung.  Tu'. 
tissues  surrounding  the  tubercle  pass  into  a  chronic  fibroid  inflaniUii- 
tion  or  induration,  \>y  Avhich  masses  of  considerable  thickness  inav 
forincd.     The  individual  tubercles  shrink  into  fibrous  nodules. 

The  caseous  and  fibrous  transformations  often  occur  in  the  saisf 
subject,  and  hence  cannot  be  regarded  as  always  dependintr  upon  o.t- 
stitutional  difference;  ncvfrtlieloss,  there  are  some  persons  whtvseiL- 
sues  appear  s])ecia]]y  predisposed  to  fibroid  change  under  the  influenit 
of  dironic  inilauiniation,  •  nd  this  change  more  often  occurs  in  the"ii 
than  in  the  young. 

Tuberculosis  is  the  name  given  to  the  di-sease  caused  by  the  intp- 
duction  of  tnlxTcle-bacilli  into  the  body.  The  form  called  acute  ^'ti^ 
eral  tuberculosis  in  man  corresponds  very  closely  with  the  artifii;- 
disease  produced  ])y  inoculation  in  animals. 

There  is  always  liigli  fever,  the  temperature  rising  to  103*,  1'.'4'. 
or  even  more;  and  death  may  be  caused  by  the  general  condition,  i: 


TUBEKCLE.  367 

by  special  organic  disease.  After  death,  fresh  miliary  tubercles  are 
found  in  many  parts,  especially  in  the  lungs,  the  serous  membranes, 
the  meninges  of  the  brain  ;  but  nearly  every  organ  is  susceptible  of 
infection. 

In  almost  every  case  tubercular  disease  of  older  date  is  found  in  at 
least  one  part,  in  the  form  of  a  caseous  degeneratetl  mass  ;  very  often 
a  lymph-gland  is  the  part  thus  affected.  In  numerous  post-mortem 
examinations  made  specially  to  test  the  point,  the  writer  lias  only 
once  or  twice  failed  to  find  such  masses ;  and  then  there  had  been 
some  antecedent  inflammation,  e.g.,  pleurisy.  The  process  much  re- 
sembles the  generalization  of  cancer  from  a  primary  tumor.  Since  in 
these  old  masses  the  tubercular  structure  is  not  evident,  it  has  been 
thought  that  any  degenerated  inflammatory  ])rodHCts  may  give  rise  to 
general  tuberculosis.  However,  it  is  most  probable  that  in  all  cases 
these  older  morbid  products  were  originally  due  to  the  tubercular 
virus. 

Chronic  tuberculosis  presents  a  very  different  type.  The  disease 
may  remain  for  a  long  time,  or  even  till  its  termination,  confined  to 
one  organ  or  group  of  organs,  such  as  the  lungs,  lymph-glands,  or 
bones. 

In  these  the  phenomena  of  tubercle,  inflammation  and  necrosis  may 
be  so  mixed  up  as  to  be  difficult  to  unravel.     Hence  there  have  been 
many  controversies  as  to  whether   the  products  are  tubercular  or 
inflammatory,  or  a  mixture  of  both.     If  regarded  as  inflammatory, 
they  have  been  called  scrofulous — a  terra  which  requires  explanation. 
Scrofnla. — This  name,  or  the  adjective  "scrofulous,"  was   origi- 
nally applied  to  chronic  enlargement  of  lymphatic  glands  in  the  neck. 
-Afterward  this  and  other  conditions  supposed  to   be   similar   were 
i"€garded  as  symptoms  of  a  special  disease,  "scrofula."'     This  theory 
is   hardly  supported  now  ;  but  certain  diseases,  especially   what  is 
oalled  scrofulous   pneumonia,  and  certain  surgical  affections  of  the 
l^niph-glands,  the  joints,  bones,  etc.,  still  retain  the  name. 

Some  pathologists,  without  admitting  a  disease  scrofula,  speak  of 
scrofulous  inflammation.  This  is  shown  in  tiie  lymph-glands  by  the 
:f<)llowing  characters :  (1)  Inflammation  is  excited  by  slight  causes ; 
(2)  persists  when  the  cause  of  irritation  has  ceased  to  act;  (3)  causes 
X>ennanent  injury  to  the  parts  ;  (4)  the  products  of  inflammation 
"•undergo  degeneration  at  an  early  stage. 

These  characters  are  generally  referred  to  special  properties  of  the 
"tissues  of  the  persons  affected.  They  are  vulnerable,  oi-  easily  injured; 
"tlie  injuries  heal  slowly  ;  there  is  little  power  of  repair.  These  prop- 
erties make  up  the  scrofulous  constitution  or  diathesis,  which  may  be 
admitted  without  saying  that  scrofula  is  a  disease. 

The  domain  of  scrofula  has  been  of  late  years  much  curtailed ;  a 

'  The  wonis  struma  ami  struiiiDii^  iirfi  iifti-u  ii-eil  for  i-cnifiila  aiul  siTofuldU.-':  but  as 
struma  ulso  means  fhronio  enlargi-iiieiif  ()!' tile  ihyiniil.  iin<l  is  invariably  used  in  the 
latter  sense  inContim-iital  litHnitiire,  iIktc  is  nmvau  aniliiguity  in  .Muployinii  it  instead 
of  scrofula. 
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cnnsideralilp  part  lias  been  transferred  to  hereditary  ', 
uud   njore  scrofulous  affections  are  shown    to  be  tui' 
Ions  pneumonia  is  clearly  recognized  to  be  due  to  the  lul 
Nine-tenths  of  the  affections  now  called  scrofulous  by  sn 
lymph -glands,  bones,  or  joint*  ;  and  in  very  many  of  tr 
occur.     Latterly  it  has  been  shown  that   in  many,  if  n...  lui-r*, 
cusea,  tubercle-bacilli  can  be  found. 

Hence  the  presninption  is — and  some  regard  it  as  prot'ed — tbti] 
so-called  scrofulous  diseases  which  go  beyond  simple  cbrooir  uiii»! 
nintion  are  caused  by  the  tubercular  virus. 

Whether  this  be  made  out  or  no,  it  is  certain    that  scrofala  ct 
be  defined  by  any  structural  characters,  but  njust  be,  if  at  all.  It  tti] 
jirogress  and  termination  of  the  diseases  thus  culled. 

Ilenco,  if  the  utune  be  retained,  it  should  not  be  eraplovfd  mi 
pathological,  but  in  a  clinical  sense,  and  as  such  is  chieflvuscd  H 
surgeons. 

Tubercular   Disease   in   Different  Organs.      Tubercolosu  of  tk 
Lungs,  or  Pulmonary  Phthisis,  i.s  by   far  the  coiniuonr---   •  •  -     • 
tliseiuse.      Here  we  may   recognize   two  forms,   distirigu 
manner  in  which  the  jioison  is  introduced  into  and  distri) 
the  organ.      This   rltstinction    t    may  give   in   word.s   um 
'•When  it  (tubereuhir  disease)  is  associated  from   the  first  wiih  m'Am 
mation  of  the  bronchi   and  subsequent  changes    in  the  alveoli,  it  hB 
the  appearance  characteristic  of  di.«iea.He  distributed  by  those  ijiiimlt 
viz.,  that  of  broncho-pneuraoiiia  or  lobular  pneuuion'ia.      Thiev^V 
the  case  whatever  be  the  nature  of  the  material    filling  the  alrriA; 
whrther  it  be  a  purely  inHammatory  jiroduct  or  something  jpfr* 
called  tubercle-     This  is  the  catarrhal  form  of  pht/ttsi*.     In  >yir' 
case*  the  disease  has  not  followed  in  its  distribution   the  cb.nt  i    • 
respiration,  but  rather  those  of  circulation,  iwinguineous   or  Ivmiiiuu. 
The  tubercleB  are  scattered  through  the  lung,  without  reference  t<f»  tt 
brontrhi,   etc.     This  constitutes  the   hitWfive    form    of  pfifhms,  iii 
agrees,  in  its  distribution,  with  acute  miliary  tuberculosis." 

We  have  now  tlie  advantage  of  kiiuwiug  what  tlie  ]>oison  pn>ii)r,i,: 
the  disease  is,  viz.,  tiiat  it  consists  of  or  is  generated  by  oertsm  ••- 
eific  micr<.H»rganisms  called  the  tubercle-bacilli;  anc|  we  find  'i  . 
its  distribution  it  follows  the  two  methods  above  described.  W-  uj'r 
thus  two  chief  forms  of  tuberculosis  of  the  lungs:  (1)  Onliii»n 
phthisis;  {2)  Infective  tuberculosis.  The  forms  may  be  cotubitied, li» 
latter  being  developed  out  of  the  former,  or  even  vice  ver»a. 

1.  Pulmonary  Phthisis. — In  luosl  of  these  ctwea,  it  is  cJear  tJuttW 
poison  enters  the  organ  by  the  respiratory  channels.  Tuberele4aali 
are  sometimes  found  in  the  si>utura  even  before  there  is  any  r««<ni»' 
able  organic  change  in  the  lung. 

The  process  appears  to  be  that  the  bacilli  settle  down  in  some  wr- 
tion  of  lung  where  tliere  is  little  movement  and  the  ex piilsive actio*  f' 
the  ciliated  epithelium  of  the  bronchi  is  less  cnergetJe.      8i!"'''  •  -  ■  •• 
clearly  the  apex.     <Jr  it  may  be  in  spots  where  previou 
inllammati  n  favors  tlie  loilgement  and  growth  of  the  bncUli.     \\iih& 
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ie  alvi'uli  and  po-wilily  iu  the  smallest  lironcliioles  tliey  set  up  cluuiges 
resulting  in  tbc  fortuiitiou  ol'  ;t  miliiiry  tuljcrdf.  It  is  rnjivv  (.•k-urly 
eslabltslifd  tliat  the  tuberek'  is  forme4  at  first  inside  the  ulvt?oli.  thouffli 
at  one  time  it  was  thought  to  belou;:  especially  to  the  interstitial 
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Alvuoltu  of  lung  in  catarrhal  pheuaiouin,  sbowiii^  tuljei-cle-l>acilli 
(Pkrct  Kidd). 

Blrueture  of  the  lung.  The  tubercle  proper  then  becomes  mingle.l 
Vp'ith  the  products  of  ordinary  jnflfiramatiou,  viz.,  new-fonued  cells 
derived  from  the  lung-epithe!iuin,  leueoeytes,  and  jtrobably  fihrinous 
exudation.  The  musses  thus*  ])rodueed  oecitjiy  the  group.t  of  alveoli 
and  the  corresponding  bronehioles.  so  as  to  [jroduee  the  appertranee  of 
bronrko-pneunwnin.  The  next  ami  must  important  step  is  that  these 
broricho-j)neuiuonie  masses  undergo  ca-seoiiji  degeneration,  and  form  an 
tt.tnori)hous  or  granular  yellowish  mass,  in  which  all  trace  nf  the  origi- 
nal tulKTcle  is  loat.  Thus  we  have  the  commonest  Icsioti  of  plithists, 
whieli  makes  up  a  great  pari  of  the  morbid  changes  in  most  phthisical 
lungs,  viz.,  caseoiiis  or  gerofitloii^  hr&ncho-pnettmonia,  or  catarrhal 
pneumonia. 

In  this  lesion  the  tubercle-bacilli  are  found  by  all  observers  to  be 
specially  abundant.  When  expelled  into  the  air-pns.<jftges  they  are 
probably  drawn  hack  by  inspiration  into  other  parts  of  the  hiug 
(as  we  .see  in  hemorrhage),  and  set  up  fresh  centres  of  infeetion. 
This  proce&H  may  occur  alone,  or  may  be  accompanied  by  miliary 
tubercles. 

Extension  of  the  Infective  Process. — The  tiibercuhir  virus  spreaile 
fi-om  the  alveoli  and  bronchioles  to  their  walls.  In  these  it  produces, 
firstly^  chronic  inllanmiations.  Small-celled  infikratian  appears  around 
the  bronchiole*,  the  bloodvessels,  etc.  ;  and  in  time  becomes  organised 
into  fibrous  or  fibroid  tissue,  so  that  the  ebeesy  masses  become  sur- 
roirmled  by  a  fibrous  enveloj>e  or  imperfect  capsule.  Tubercle-bacilli 
are  frequently  foun<l  in  this  tissue.  The  fibroiil  change  may  be  very 
extensive,  and  in  some  cases  quite  preponderates  over  the  caseous, 
oonstitutinw  fibroid  phthisis.  This  change  umst  be  regarded  as  con- 
servative.   It  hinders  the  further  spread  of  bacilli  into  the  tissues,  and 
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causes  the  process  to  be  more  chronic.  In  the  second  place  the  tuber- 
cular virus,  like  other  infective  poisons,  causes  the  formation 
of  new  foci  of  infection  like  the  origiriiii.  that  is,  of  new  tubercles. 
These  may  be  tbrmed  either  in  uoruiul  or  in  iiillatued  lung-tissae. 
The  channels  by  which  the  virus  passes  are  probably  chiefly  lymph- 
atics, but  possibly  blootlvc^jscls  also.  In  this  way  miliary  (or  infective) 
tubercles  bccoviie  minglctl  with  the  caseous  jidcinnonic  niasses  ;  ami 
this  combiuiUion  constitutes  tlie  onlii»ary  forui  of  tliroiiic  phthisis. 

Sitiee  caseous  pneuuionia  may  occur  without  visible  tubercles  it  was 
at  one  time  thought  not  lo  be  really  a  part  of  tubercular  disease,  but 
rather  a  fm-m  of  intlannimtion  ;  and  a  sharp  distinction  was  drawn  by 
Virchow  and  others  between  the  broncho-pneumonic  masses  and  tuber- 
cles. But  it  was  evident  that  these  changes,  even  if  not  really  tuber- 
cular, were  ii  part  of  the  disease,  puhiionary  phthisis,  and  in  1^74  the 
writer  expres.scd  the  ])nibable  relations  of  these  processes  to  tubercle 
as  follows:  ''  if  any  niorbi<l  poison  should  ever  be  shown  to  be  the 
cause  of  tubercle,  that  will  probably  be  found  to  produce  in  some  cases 
caseous  pneumoniii  also."  This  relation  is  now  an  estahlislicd  fact, 
the  dtfi'eretice  between  the  two  processes  lying  in  the  mode  in  which 
the  disease  spreads.  Caseous  pneumonia  arises  from  inhalation  of  the 
virus  into  the  alveoli,  while  miliary  tuberculosis,  etc..  are  ilue  to 
infecttun  by  bloodvessels  and  lymph-channels  (Watson  (Mieyne). 

Caseous  jrneumonia,  witli  or  without  visible  tubercles,  may  spread 
over  a  large  part  nf  the  lungs,  and  soon  undergoes  necrosis.  This 
causes  softening  or  breaking  down  ;  the  lung-tissue  is  thus  destroyed. 
In  aU  cases  of  tuheruulosis  of  the  luni.%  whatever  other  changes  are 
present,  this  is  the  chief  agent  of  destruction. 

It  is  possible  for  the  process  to  spreaii  from  the  lung  to  otlier  organs, 
but  it  does  not  often  do  so,  except  in  two  directions:  (1)  to  the  bron- 
chial glands;  (2)  to  the  pleuni. 

1.  The  bronchial  glands  are  always  affected,  except  in  the  most 
acute  cases.  The  changes  are  the  same  as  in  the  original  seat, 
ending  with  caseous  degeneration.  2.  T!je  pleura  is  often  aflectetl, 
but  sometimes  escapes,  even  when  the  king  is  almost  destroyed.  Infec- 
tion takes  place  here  alifio,  through  the  lymphatics.  iScattered  gray 
tubercles  a[ppear,  accompanied  by  inflauimalion  and  fibrous  thickening,. 

Extension  to  other  organs,  or  e\eu  to  many,  forming  general  tuber- 
culosis, IS  possible,  but  not  common.  The  reason,  so  fnrius  undcrstiwd, 
why  the  disease  remains  confined  to  the  lungs,  constituting  a  local 
txhcrruhsifi,  seems  to  be  that  the  fifirous  processes  set  up  constitute  a 
harrier  to  the  passage  of  the  bacilli  nr  their  virus  inward,  while  these 
are  constantly  being  exi>ectorated  with  the  sptUa. 

2.  Infective  TuberculoaiB  of  the  Lung'.  —  If  tlie  tubercular  virus  be 
distributed  by  the  [lulinnnary  arterial  svstein,  it  becomes  arrested  at 
various  places  in  the  ca[utlaries,  and  a  uundter  of  small  tubercular  foci 
are  formed,  which  may  be  comftared  to  minute  embolisms.  This 
constitutes  the  process  known  as  acute  miliary  tuberculosis  of  the 
lung. 

It  may  occur  quite  inde|  endently  of  any  broncho-pneumonic  or 
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inflammatory  process  such  as  above  describotl.  which  is  firoved  by  the 
fact  th 
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Cfises  occur  vvi 
e.xcfpt  that  it  is  hypenemic)  but  for  tlie  miliary  tubercles,  and 
■'  (luring  life  ttw  physical  si-rns  of  lung  tissue  are  absent.  In 
reii.  in  whrmi   this  form  of  luberL-ulosis  is  most  often  seen,  it  has 

■  been  slmwn.  by  Bnehuniui  iin<]  otiiors,  that  the  lunj;s  niav  be  normal 
P  to  nusLMiltittioii  even  it  few  Inmrs  before  death,  when  after  tJeath  the 

■  luiiifs  have  been  found  full  of  milisiry  tubercle. 

This  process  may,  however,  be  combined  with  the  other  form  of 
tubercidosis,  and  it  must  not  be  sup|iosed  that  in  this  case  the  tubercle 
is  confined  to  the  interstitial  tissue.  On  the  contrary,  at  an  early 
peri«vd  of  irrowtli,  if  not  at  the  ejirliest,  it  forms  the  same  corpuscular 
masses  within  tlie  aKenli  as  in  the  othur  form  of  phthisis,  together 
with  infikratiori  (»F  the  walls. 

This  fiinn  of  tuberculosis  is  often  part  of  an  acute  fat«l  disease,  but 
mny  occur  in  a  more  chronic  form,  and  there  becomes  complicatcfl 
vritii  inllauimatory  changes.  It  is  ^^enerally,  if  not  always,  c<tmbineii 
with  tubercle  of  the  pleura,  and  often  with  the  same  disease  in  other 
orgiins. 

When  tubercnlar  disease  has  existed  for  a  considerable  time  in  the 
lung,  it  will  often  be  impt>.ssible  to  s;iy  in  which  way  it  originateil, 
and  especially  will  it  be  impossible  to  show  that  it  originated  in  the 
infective  method,  for  >n  either  case,  breaking  down  results  after  a  time, 
alid  liacilli  wil!  be  e.\[ielled  with  intl.immatory  products  into  the  air- 
passages,  whence  they  wi!l  be  dniwn  liy  irispiration  into  the  minute 
bronchioles  of  other  parts  of  the  lung,  where  secondary  foci,  of  the 
catarrhal  inflammatory  form  of  tuberculosis,  will  be  set  up.  Thus  the 
two  m(»dcs  of  tubercular  infection  of  the  lung  will  he  cotnbined. 

Tubercle  of  the  Larynx  and  Air  passages.  —  In  the  larynx  small 
tubercular  masses  ajjpear,  vvhi<-b  lend  to  ulcers.  From  these  fresh 
tubercular  foci  are  ileveloped  liy  infection.  There  is  always  some  sur- 
rourjding  inflammatinn,  so  thiit  thp  process  may  be  called  tubercular 
laryngitis. 

Since  the  disease  is  nearly  always  secondary  to  tubercular  disease 
of  the  lungs,  the  probability  is  that  the  tubercle-bacilli  containeil  in 
the  sputa  become  lodged  in  the  folds  of  the  larynx  and  set  up  a  tuber- 
cular pnicess  there. 

A  siiuihir  tubercular  jivoccss  of  tiie  trachea  may  occur,  but  is  much 
more  rarely  met  with. 

Tubercle  of  the  Intestiiial  Tract. — In  the  tongue  and  pharynx, 
tubert-te  is  nire,  though  not  ipiite  unkmiwn.  In  the  (esophagus  ajul 
stomach  it  is  still  more  constantly  absent,  but  the  lower  end  of  the 
ileum  and  the  large  intestine  are  fre<|uent  seats  of  tubercular  disease. 

In  the  ileum  the  <lisease  is  snbmucnus,  beginning  in  the  Peyer's 
and  solitary  glands.  The  lymph-follicles  become  enlarged  by  multi- 
plication of  smalt  cells.  They  at  first  form  grayish  miliary  nodules, 
which  become  opaque  and  yellow,  and  finally  soften  fn^m  necrotic 
change.  Tiie  mucous  membrane  c<nering  the  follicles  also  sloughs, 
and  thus  an  ulcer  is  produced.     This  becomes  enlarge(i  by  the  forma- 
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tjon  of  fresh  tubercles  in  the  neigLborbooil,  and  thus  ex?'-' 
the  lymphatic  structures,  j*o  as  not  to   corresjtond    m 
iVyur's  or  solitary  ghirid.     It  often  extends   round  the 
lowing  the  course  of  the  bloodvessels,  and  may  produo 
the  formation  of  u  fibrous  scar.     It  is  usually  sijrronnde<i  > 
of  hyperiemiu.     Tubercles  are  genendly   »een    in   such  »q  ui      _ 
sometimes  occur  on  the  serous  surface.      The  ulcer  may  |irrf'>ft>fc 
the  peritoneum. 

Tuberculiir  uliers  have  considerable  resemblance  to  typboid  oka 
of  the  ilcuu).  They  are  distinguished  by  their  njort*  irrtNKtilo' 
and  by  extending  in  un  annular  form  ntuud  tht*  bowel-  iht  i 
also  less  abrupt  and  often  showH  a  gradual  desceut,  as  if  by  9teft,9 
the  floor  of  the  ulcer  (see  p.  834). 

The  corresponding  mesenteric  glands  are  constantly  aJTectfd.  lAi 
showing  tubercles,  and  becoming  in  the  end  yellow  and  cheesy. 

Similar  ulcerations  occur  in  the  large  intestine,  differing  aomr* 
in  form  from  the  fact  thai  they  originate  in  the  solitary  gland;-.    T' 
form   Dither  deep,  cxciivated   ulcers,  often   with  a    small,  cuculai. « 
termd  opening. 

Inteslinnl  luber<*ulosis  appears  to  be  generally,  if  not  .il»af9.«» 
»indiiry  to  tubercle  of  the  lung.**.     There  is,  therefore,  much  pniiohlti 
in  the  view  that  these  lesions  are  caused  by  tubfrcle-bacilli  wbirii.i 
been  expectorati-d  from  the  lung  and  swalloweil  with  the  Aputa     T' 
is  confirmed  by  the  results  of  experiment,  which  show    Unit  '• 
animals  with  tubercular  sputa,  or  portions  of  tissues  from  tui'vi'  ir  .- 
persons,    jiroduces   intestinal   tuberculosis,  jusi    as    the    inhalanot  / 
tuboretdar  [imdncts  causes  pulmonary  tuberculosis.      \Vb.    " 
fiMid  can  produce  intestinal  tnliercnlosis  in  the  liunmn   r 
known. 

Tubercle  of  the  liver  is  met  with  chiefly  in  the  miliary  Trt^i 
ring  in  the  coui'se  of  acute  miliary  tuberculoais.      More  chronic  t  rs 
are  rarely  seen. 

Tubercle  of  the  kidney  occurs  in  two  forms :  (1)  In  j^cnenl  tab* 
culosis  it  is  not  uncommon  to  find  miliary  tubercles  scattered  U»m^ 
the  organ,  but  chiefly  in  tho  cortical  substance.  The  virus  prododQ 
them  iiad  evidently  been  conveyed  by  the  blood. 

(2)  In  the  secoml  form   wc  find   tubercles   associated    with  oueK 
matter  and   with  inflammation  of  the   pelvis  and    calyces.     Br  Urn 
process  the  kidney  is  gradually  destroyed,  ragged  cnvities  " 
which  u]>en  into  the  pelvis  and  ureter,  and  fi'oni  which  pu> 
inatfrini  pass  into  the  urine. 

This  form  has  been  called  scrofulous  kidney  and  8crofu1oa«  r.-.S/^ 
but  is  better  called  renal  phthisig,  from   its  analogy  with  pi 
the  lung.     It  would  seem  as  if  the  process  began    in    the  bf 
of  the  kidney,  with  tubercular  pyelitis;  but  thivS  may  he  a  mi-!'- i  - 
appearance,  ami  it  m.iy  start,  like  the  other  form,    with  tube-     - 
the  substance  of  the  organ.     Further  research  is  neetled   t«.  . -: , 
this  point. 
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Tubercle  of  Brain. — (1)  Chronic  tuberculosis.  In  the  brain  the 
original  tubercles  attain  a  larger  size  than  in  other  parts ;  lumps,  from 
the  size  of  a  pea  to  that  of  a  walnut  or  more,  being  sometimes  found, 
not  obviously  made  up  of  smaller  masses. 

They  are  generally,  if  not  always,  yellow  and  caseated,  miliary 
tubercles  being  sometimes  traceable  at  the  margin  ;  and  they  are 
probably,  in  most  cases,  produced  by  an  agglomeration  of  miliary 
tubercles.  This  so-called  "solitary  tubercle"  of  the  brain  is  not 
always  associated  with  tuberculosis  of  other  organs.  Sometimes,  but 
not  very  often,  there  is  miliary  tubercle  of  other  parts  of  the  brain  or 
of  the  membranes. 

(2)  Scattered  miliary  tubercles  of  the  brain-substance  are  sometimes 
found  associate<l  with  a  similar  tubercular  process  of  the  meninges. 

Tubercle  of  Serous  Membranes. — On  these  surfaces  tubercle  always 
appears  first  in  the  form  of  gray,  rather  translucent,  miliary  tubercles. 
To  these  is  added  fibrous  growth,  in  the  form  of  cords  and  nodules, 
together  with  diffuse  thickening  of  the  membrane.  In  the  peritoneum 
gray  masses,  up  to  half  an  inch  thick,  may  sometimes  be  found,  con- 
sisting of  an  agglomeration  of  miliary  tubercles. 

Caseating  change  is  very  rare,  and  ulceration  does  not  occur.  If 
the  process  is  very  rapid,  the  tubercles  are  formed  without  much  exuda- 
tion or  ordinary  inflammation  ;  but  in  less  rapidly  fatal  cases  the  latter 
process  is  also  seen,  forming  tubercular  peritonitis,  etc.  But  in  the 
pleura  it  is  sometimes  evident  that  inflammation  precedes  the  forma- 
tion of  tubercle.  Tubercle  of  the  pia  mater  of  the  brain  is  a  very 
important  disease,  which,  with  its  accompanying  inflammation  and 
exudation,  is  rapidly  fatal.  It  occurs  chiefly  in  children,  and  mostly 
at  the  base  of  the  brain ;  less  commonly  on  the  vertex,  forming  in 
both  situations  tubercular  meningiiii. 

The  miliary  tubercles  are  well  studie<l  in  the  transparent  membrane. 
They  are  mostly  situated  round  the  small  vessels,  especially  the  arteries, 
and  often  at  a  bifurcation.  Giant-cells  are  not  often  seen,  but  tubercle- 
bacilli  have  been  found. 

Tubercle  of  the  Lymph  Olands. — The  lymph-glands  in  connection 
vrith  tubercular  organs  are  constantly  affected,  showing  original  tubercle- 
structure  as  well  as  caseous  masses.  Tubercle-bacilli  are  sometimes 
Very  numerous.  An  apparently  primary  affection  of  lymph-glands  is 
also  not  uncommon,  and  all  stages  of  the  process  which  ends  in  casea- 
tion, have  been  traced.  It  is,  theri'foi-e,  very  probable  that  what  are 
generally  called  scrofulous  glands  are  orignally  tubercular.  It  is  at 
ai.ll  events  certain  that  there  is  no  external  criterion  by  which  the  one 
can  be  distinguished  from  the  other. 

In  such  cases  it  must  be  supposed  that  the  bacilli  have  entered  the 
mucous  or  other  surface  of  a  part  in  connection  with  the  lymph-gland 
Vrithout  producing  any  noticeable  inflammation,  and  have  been  con- 
V'eye<l  along  the  lymphatic  vess»els. 

Tubercle  has  been  found  in  the  thoracic  duct  in  cases  of  general 
^cute  tuberculosis. 


374 


THE    CAUSES   OF    DISEASE. 


Tabercnlosis  as  a  Specific  Disease. — It  ^rill  be  well  Co  nni 
reason.*  for  regarding  tubercle  aj«  the  result  of  a  sp«rci6c  Tim 
(luced  into  the  body,  becoming  distributed   in    it,  anU  pMnog 

continue  its  fiirtlier  existence  elsewhere- 

Before  the  bacillus  now  known  to  be  the  cause  of  lli<*  dc»r*»  •• 
discovered,  it  was  shown  by  Villemin  and   others   thiit   by  iiitr.i.a; 
tubercular  matter  from  human  lungs,  or  other   parts,  under  n 
of  rabbits  and  guinea-pigs,  general   miliary   tuberculosis  i-f  ;iii'  - 
parts  was,  after  some  weeks,  produce*!.     Doubt  was  thrown  iipnlW 
re-iults  by  the  experiments  of  Wil.eon  Fox,  Durdou   SaJidfr*  ■ 
Cohtdieim,  who  found  tliat  they  could  produce    tuherclc"  in  '•'< 
animals    by  introducing    neutral  suljstances    in    the   saint*  jar:-. 
setting  up  a  chruuic  inflammation,  that   is,  by   continar«l  ir:i'.  . 
without  any  specific  poison.     But  it  ha.s  since  \yeen  shown  that  infyt 
cases  the  animals  received  the  infection  fi'om  the  plad-j*  in  whirl,  il  ■ 
were  kept,  the  experimental  wnund  serving  as  n  |dacv  of  mtraiicr  •• 
the  virus.     ("oJinheiiii,    by   introducing    tubercular   titalif^r  ijito 
anterior  chamber  of  the  eye  in  rabbits,  was  able  to  v^atcii  tlifiie^tl 
meni  of  tubercle  through  the  trnniJparent  parts,    nntl   found  iW  '" 
tulierculnr  growth  began  after  an  incubation  periofl  of  about  twee'^  i 
tiiirtv  days.     These  experiments  have  been   rc|je:iteil   on  a  verv  br, 
scale  by  Koch,  Baumgarten.  and  many  others,  pro\'ing  bertiMi  (!<'<' 
that  tubercle  is  an  inoculuhle  <iisease. 

Another  step  was  to  .show  that  the  infection   could  be  r«i*«ife>ii 
the  breatli,  and  it  was  found  by  Tappeiner  and  others  that  tnbool.-' 
sputa  mixed  with  water  in  the  form  of  a  spray  and  inhaled.  pnidMrf 
tuberculosis  in   the  animals  experimente»i   upon — rn     ''  i>  r' 

do& — the  lung.*  and  bronchial  glands  being  chieHy  U' 

Further  it  has  been  shown  that  the  virus  may  Jic  u 
digestive  organs  by  fee<ling  various  uitimals  with  pen 
lous  organs,  or  by  introducing  such  materials  direct  into  the  i 
bv  operation,  in   order   to   avoid   the  ilestructive  action  of  lli«  ^"» 
juice.     It  was  found  that  in  about  half  the   animals  exp«riiiM(ti4 
u[>on,    tubercular    disease   of   the    mesenteric  glands    and    ii     - 
resitlted  after  an  incubation  of  about  one  or  two  months.      lb 
ous  animals  were  most  easily  affected,  carnivorous  least  »*>;  a  rvtnaii' 
able  fact,  as  if  animals  accustomed   to  eat  flesh    hnil    souoe  fomftlt 
resisting  infection  conveyed  by  it.     Accidental   swul1owin|e  «ir  o» 
sumption   of  tubercular  s]»«ta  by   chirken.s,  dogs,   and    cats   1i  ■    ' 
prorluced  the  disease;  while  calves  and  pigs  have  neipiired  it 
ing  oil  the  milk  of  tubercular  cows  or  eating  the    flesh  of  tuUr 
animals.      In  experiment.s  it  has  been  foumi  that  the  disea.%<>  i 
veyed  to  animals  with  must  difficulty  by  human  tub«?rcular  i 
aud  that   in  general  any  race  of  animals  is   most   easily    inJi-v  i<j 
products  derived  from  its  own  species. 

The  altove  results,  showing  the  rece))tion  of  the    -  > 
three  channels,  are  ipiite  independent  of  any  views    :,- 
uf  the  virus.      But  wlien  Koch   .showed  that  the   tuherch 
the  cause  of  the  disease,  the  ([ue.'^tiiui  entered  >in  i»  in.u    | 
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above  experiments  have  been  repeated  with  pure  cultivations  of  the 
bacillus  grown  apart  from  the  body,  and  in  every  case  with  similar 
results.  Bacilli  injected  into  the  eye  produce  miliary  tubercle,  the 
growth  of  which  may  be  studied ;  injected  into  the  veins  produce 
general  tuberculosis  with  perfect  certainty  and  great  rapidity  ;  injected 
into  special  organs  produce  local  tuberculosis  of  those  parts;  and 
inhaled  with  spray  set  up  tubercular  disease  of  the  lungs.  The  dif- 
ference is  that  bacilli  produce  much  more  constant  results,  seldom  or 
never  failing,  though  some  animals,  as  dogs  and  rats,  require  larger 
doses  of  the  bacilli  than  others ;  and  feeding  experiments  have  been 
less  successful. 

Identity  of  fiuman  and  Animal  Tabercle. — Before  applying  the 
above  results  to  human  disease  it  is  necessary  to  consider  whether 
the  tubercular  diseases  of  animals  are  really  the  same  as  the  disease 
in  man.  The  inoculated  diseases  must  necessarily  be  considered  as 
the  same,  since  they  may  be  derived  from  human  tubercle,  and 
their  anatomical  characters  are  identical.  The  spontaneous  tubercu- 
lar diseases  of  animals  present  some  points  of  difference.  In  cattle 
there  is  the  so-called  pearly  disease,  with  respect  to  which  there  has 
been  some  controversy,  but  which  is  now  generally  regarded  as  tuber- 
cle, since  it  shows  the  bacillus.  Dr.  Creighton,  on  the  other  hand, 
regards  it  as  different,  and  thinks  it  is  communicable  to  man  as  a 
distinct  disease.  But  even  if  so,  it  is  probably  rather  a  variety  of 
tubercle  than  entirely  different.  Of  the  other  animal  diseases  we  can 
only  say  that  very  many  species  of  mammiils  and  birds  are  subject  to 
tnbercles  which  appear  to  be  the  same  as  the  human,  since  they  con- 
tain the  same  bacillus. 

Summary. — Taking  all  the  above  results,  we  cannot  doubt  that 
tuberculosis  is  a  specific  infective  disease  caused  by  a  specific  virus 
■which  may  enter  the  body  by  a  wound,  or  by  the  respiratory,  or  by  the 
digestive  channels ;  that  is  to  say,  it  combines  the  modes  of  infection 
"which  obtain  in  several  diseases — for  instance,  in  smallpox,  scarlatina, 
and  typhoid  fever — though  reception  of  tubercular  poison  through  a 
"wound  is  very  rare  in  man,  if  indeed  it  ever  occurs.  The  only  known 
instance  is  the  production  of  warts  containing  tubercle-bacilli  on  the 
hands  of  those  who  make  post-mortem  examinations. 

Referring  to  the  effects  of  morbid  poisons  as  classified  on  p.  321, 
Tre  may  say  that  the  initial  lesion  produced  is  a  miliary  tubercle,  at 
whatever  point  the  virus  enters  the  body. 

Generalization  is  shown  by  the  production  of  fever  and  cachexia, 
as  well  as  by  secondary  local  changes. 

The  iecondary  local  phenomena  are  formation  of  miliary  tubercles, 
"with  necrosis  and  inflammation  of  surrounding  parts. 

The  virus  leaves  the  body  with  the  discharges  from  the  organs 
affected,  more  especially  in  sputa  from  the  lungs,  also  in  intestinal 
and  rarely  in  urinary  excretions.  It  is  sometimes  contained  in  the 
secretions  of  glands,  such  as  the  mamma  and  the  testicle,  but  prob- 
ably only  when  those  organs  are  tubercular. 

When  outside  the  body  the  tubercular  virus  preserves  its  vitality 
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ami  is  [u'uhuhly  oarrie<l   about  with  liiist,  Ijut  there  is  no  evidence  of 
its  grmviiji:  mhiI  multiplying  i"  tliese  cirinmistaiices. 

Is  Tubercle  Contagious? — The  question  whether  tubercular  tlisejise 
can  be  transn)itte<l  fruiu  one  person  to  another  is  a  difficult  one. 
Briefly,  the  ans^wer  seems  to  be  tlint  there  is  no  clear  evidence  of  its 
being  in  the  ordinary  sense  directly  cotitiigious  from  one  person  to 
another,  but  it  seenns  impossible  lo  doubt  thnt  one  cuse  may  give  rise 
to  others  bv  indirect  transmissiort.  One  arjiument  in  favor  of  this 
conclusion  is  thiit  in  several  parts  of  the  world  saviige  nations  who 
were  originally  (juite  free  from  tubercular  disease  have  rapidly  acquired 
it  after  mingling  with  Europeans. 

LUPUS. 

Luputt  vulgaris  vel  tuherouhsiis- — This  is  a  local  disease  of  the 
skin,   occasionally   aflecting   the    mucous    membnines.      It  pn>duce8 

masses  of  gramdation  -  tissue,  in 
which,  as  in  tuherrle  and  syphilis, 
are  collections  of  leucocytes,  espe- 
cially round  the  vessels  and  larger 
ceils,  mostly  of  the  epithelioid  type, 
with  (►ccasionwl  giant-cells. 
.  Examining  a  .section  of  skin  from 
a  lupus  patch,  we  find  the  epider- 
.•^.■.'.V.V'v  r  mis  thickened  with  overgrowtli  of 
::.■,(-'•'■!•'.■■;         the  Mtdpighian   layer,   from    which 

/ V.V.,  proceed  cnlurged  interpapillary  ]»ro- 

■:;..- ■  ■^•■' ■■•••..  •.,  ccssts.  These  are  sometimes  so 
'j^.  't.'J'^y^;.-:.;/!^/:  consideriible  as  to  give  the  impres- 
siou  that  the  growtli  is  chiefly  epi- 
rh'TOiic.  But  l^elow  this  is  a  vas- 
cular gninuliition-tissue  occupying 
the  p!>]iili;iry  layer  of  the  corium. 
It  is  composed  of  small  granulation- 
iiN,'-',/-.' ■  ' "    ■ '  ■■'         v,        cells  :niil  hbres.    with  some  giant- 

y .'•■/.  cells.     This  is  the  structure  of  the 

^  \--::\         soft,  gelatinous-looking  ina.sses  seen 

:•■.">■;        on  tlie  surface.      It  shows  h  transi- 
"j'.V'V  •■•■-'53        ^^^^  to  fibrous  tissue  where  cicntriza- 

\'''  ••,.''        tton  is  taking  place. 

_  Those  appearances  clearly  point  to 

'  the  iniluence  of  some  persistent  irri- 

tant, as  in  other  diseases  of  the  same 
class  ;   ami,  iu   fact,  a  bacilhis   has 
been   found   iu   lupus,  which   is  gen- 
Se.'tio,,  of  .w.u  i.oiu  u  iai>u^,>uid..        ^^j.jj,]^.  rerr,,rdrd  as  the  tul>ercle-hacil> 
A,  hiirnv  layer  of  eimif-rniiH;  c,  Mul-      ,         *  mi  •     i       -n         •      i  „ 

.,.•    ,  /.         .,,  Iu3.     This  bacdhis   is,  however,  not 

piglKJiii  luver:  «,  intfrjMipillurv  pro-  ,.  ,  i       i  • 

lonK»ii..n:'  /.  gno.ui«iio».ti*«ue:  g,     a'^ay  *^'i'"''-  and.  when  present,  is 
giaut-«U  («uut  20(1  dura.).  80  m  very  small  numbers.     Hence, 
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it  is  ilifficuk  to  unflerstand  how,  bv  direct  irritation,  the  hacilli  alone 
could  give  rise  to  such  considerable  intiaiiimatory  jiroducts,  Xu  tien- 
eralizution  of  the  lupus  process  to  other  parts  of  the  body  ever  takes 
place.  It  is  even  doubtful  whether  it  spreads  to  the  nei<?liboring 
lymphatic  glands.  These  are  sometitties  iiffected  with  tubeicuhir 
lesions,  but  it  is  not  cleiir  that  this  affection  is  9uh»equent  to  the 
occurrence  of  lupus  of  the  skin. 

The  majority  of  patliologi.stj*  regsinl  lupus  aa  a  locul  tuberculosis  of 
the  skin,  and  for  the  following  rejii<oiis  : 

The  elements  of  the  new-growth  are  the  same,  though  differently 
arranged. 

Tubercle  bacilli  are  found,  if  not  commonly. 

The  clinical  chiiracters  of  the  disense — progressive,  <3estructive.  nn<l 
incurable,  except  by  removal  of  all  diseased  tissue — arc  like  tuber- 
culosis. 

Lupus  is  cloarly  traced,  in  some  eases,  to  arise  out  of  ulcerated 
scrofulous  glands,  which,  according  to  later  researches,  are  theniselves 
produced  by  the  tubercular  virus. 

Lupus  is  said,  by  some,  to  be  very  frequently  associated  with  scrofu- 
lous or  tubercular  processes,  so  that  in  common  medical  parlance  it  is 
spoken  of  as  a  scrofiilous  disease.  Actual  coincidence  with  pul- 
monary tuberculosis  is  not  common,  but  has  been  observed.  The  pro- 
portion of  Cnises  with  scrofulous  or  tubercular  antecedents  is  given  as 
thirty  or  fifty  per  cent,  or  more.' 

Inoculation  of  material  from  lupus  into  animals  has,  in  many  cases, 
produced  a  true  acute  tuberculosis,  identical  with  that  produced  by 
inoculating  tiibercle-material,  as  has  been  shown  by  Coriiil  and 
Leloir.  Koch,  I)ou(rcleporit,  and  others. 

Objectiona. — On  the  other  band  it  is  urged  that — 

1.  The  anatrimical  structure  is  not  precisely  the  same,  miliary 
granulations  not  occurring,  at  least  generally,  in  lupus;  while  the 
latter  is  much  more  vascular  than  tubercle. 

"2.  Lupus  docs  not  umlergo  ciusenus  change,  though  there  is  necrosis 
leading  to  ulceration.  Fibrous  iuduration  (producitig  a  keloid  scar) 
is  commoner. 

3.  Secondary  infection  of  lympliatic  glands  is  not  very  often 
observe<l. 

4.  True  lupus  has  not  been  produced  experimentally  in  animals. 

5.  There  is  a  tubercular  8kin-<ltsease  which  is  different. 

6.  The  actual  coincidence  with  scrofulous  or  tubercular  disease  is 
denied  by  many.  On  this  point,  only  conclusions  drawn  from  a  large 
number  of  cases  Cini  have  any  value.  If  it  be  admitted  that  the 
majority  of  lupus  patients  have  no  other  disease,  thi.H,  should  lupus  be 


'  TJiree  recent  oolleetiotia  «!'  sUkliirtiirs  place  (ho  proportion  of  cusf^s  with  other  tiih«r- 
culiir  affixations  much  higher.  One  series  "f  ll-l  wnes  sfuvo  7B  per  eeni.,  a  second 
Mriee  of  105  va»^«  02.8  |>er  eeiit,,  j*  thinl  «eriei«  of  15Jt  ea"«!«  62  j>er  <'eiit.,  wJiili*  2.1  [ler 
Mnt.  in  the  m»jnil  Berif*  unrl  Xi  per  cent  in  Ihe  thirtl  *erie§  had  h«rG(liliiry  tiiberciilur 
tendencies  (Baumgurten,  -Tahre^bericht  Utter  MikroCrganismen  for  ISSA). 
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tubercular,  amounts  to  sajing  that  there  is  tuberculosis  of  one  orpi 
only—  a  not  uncommon  case  in  undoubted  tubercular  disease. 

The  conclusion  appears  to  be  that  the  virus  of  lupus  i.«  probsUi 
the  same  as  that  of  tubercle,  though  the  differences  in  the  rndt:* 
action  are  not  as  yet  accounted  for. 

Lupus  exedens  is  a  name  given  to  severe  cases  of  lupus,  in  vki 
there  is  much  destruction  of  tissue. 

Lupus  erythematosis  is  an  inflammatory  disease  of  the  skin,  vkif 
produces  some  superficial  destruction,  but  has  probably  no  conneeti>( 
with  lupus  vulgaris. 


ClIAPTEK   XXXYIIL 


THE  INFECTIVE  GRAMLtlMATA— (CW/i/J»W). 

Syj-liilis. — This  is  a  peiiect  type  of  an  infective  disease,  jtroduced 
l>y  a  virus  iiiTroduccd  fruui  without,  whicli  first  sets  ujj  loatl  changes, 
and  then  becomes  distributed  over  the  body,  giving  rise  to  a  gent-ral 
disease  and  to  scattered  lot'al  disorders  in  the  skin  iiiid  eLsewht-re. 
After  the  general  disease  has  aitpareiitly  subsided,  local  atKectioiis  niiiy 
remain  or  aj^pear  anew,  from  ])ortiniis  of  the  virus  vvliich  have  l>eeonie 
lo*ig('d  at  certain  spots,  and  of  which  the  activity  is  roused  up  by  some 
cause  not  always  ti'aceahle. 

The  nature  of  the  syphilitic  virus  is  not  positively  known,  but  from 
its  power  of  reproducHori  within  the  body  and  comrtiunicability  to 
other  persons,  it  is  clearly  some  living  poison,  There  is  no  evidence 
that  tlie  [loison  can  preserve  its  vitality  outside  the  budy  exeej)t  for  a 
shnrt  tiuie.  It  is  not  coniniiinieated  by  the  respiratory  or  digestive 
channels,  hut  always  enters  the  body  by 
some  lesion  of  the  surface.  It  may  also 
be  transiuittetl  l>y  direct  irdieritaiice 
from  either  parent. 

A  bacillus  has  been  found  by  some  ob- 
servers (liUst^^arten),  hut  it  is  not  ])roved 
that  this  is  the  cause  of  the  disease. 

The  anatomical  changes  produced  by 
the  syphilitic  poison  resemble  those  of 
other  inilaminntions,  hut  are  limited  to 
definite  foci,  and  arc  distributed  in  a 
<*peeial  manner. 

Tlie  original  spot  of  iiiocnhition  shows 
the  so-called  primary  sore,  or  flunlerian 
chancre — an  ulcer  usually  distinguished 
by  its  hardness,  the  external  characters 
of  uhicli  are  described  in  surgical  books. 

When  examined  histologically,  it  shows 
inflammation  of  theenrium,  with  produc- 
tion of  numerous  round  cells  (leucocytes), 
some  formative  or  epithelioid  cells,  and 
sometimes  giant-cells,  but  the  latter  arc 
rare. 

The  hardness  depen'ls  upon  thickening  ani!  hardening  of  the  con- 
nective-tissue fibres,  as  well  j\s  on  new  fonuulion  of  tissue.  The  struc- 
ture has  not  the  definite  form  of  tubercle.  It  b  much  more  vascular 
than   the  latter,  admitting,  in   suitable  cases,  of  being  pretty  fully 
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Se<?tiiin  of  primary  i^yjiliililic 
sore— 1,  opilttelioid  or  InriuiUivu 
cells;  b,  ihiuki^nnd  conneotivo- 
1t»8Ue  IJbro*  ;  p,  vessiel  itintniuiu;; 
hlootl  <  about  aoo  iliam.) 
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injected.  However,  it  causes  destruction  of  the  skin  and  fonnso 
ulcer.  From  this  point  the  infection  spreads  to  the  neigbbotB* 
lymphatic  glands,  which  are  characteristically  altered.  Inflamed  lyt- 
phatic  vessels  can  sometimes  be  traced  from  the  original  source. 

After  this,  the  poison  becomes  generalized  in  the  body  and  set*  i: 
a  general  disease,  usually  with  fever.  In  the  course  of  this,  in  abootru 
weeks  or  some  months,  an  erythematous  or  papular  eruption  apptan 
on  the  skin,  which  corresponds  to  the  rmh  of  the  exanthemata,  »&l 
like  that,  may  be  wanting. 

After  this,  more  pronounced  lesions  occur  on  the  skin,  mucous  air- 
faces,  etc.,  which  have  the  character  of  limited  local  inflammati<«5 
and  may  completely  disappear.  Lymphatic  glands  in  other  parts  </ 
the  body,  sometimes  very  generally,  undergo  the  same  induratit* 
inflammation  as  those  connected  with  the  primary  sore. 

The  lesions  already  spoken  of  are  usually  called  secondary. 

Later  on,  masses  called  gummata  may  be  produced,  consisting  d 
new  cells,  which  undergo  necrosis. 

These  lesions  are  usually  called  tertiary  ;  but  it  is  difficult  to  dn» 
a  clear  line  between  the  two  classes.  Generally  speaking,  the  earliff 
lesions  are  symmetrical,  vascular,  and  may  disappear  without  causinj 
any  notable  destruction  of  tissue.  The  latter  are,  as  a  rule,  un«™- 
metrical  and  irregular  in  distribution,  and,  destroying  the  tis»nt. 
leave  a  gap  oidy  partly  filled  up  by  a  dense  fibrous  scar.  On  th? 
surface  deep  depressions  are  thus  produced ;  in  internal  parts,  «*- 
trading  cicatrices,  which  may,  in  such  organs  as  the  liver,  cau«? 
great  (leforniity. 

The  period  of  occurrence  of  the  destnictive  or  tertiary  lesion*  :• 
much  influenced  bv  nutrition ;  being  earlier  in  cachectic  perj-n;'. 
They  are  seen  only  in  a  minority  of  cases,  and  are  sometimes  ?ft  gI' 
by  a  mechanical  injury.  It  must  be  supposed  that  they  are  due  t'">  ^ 
residuum  of  syphilitic  virus  not  eliminated  or  destroyed. 

It  is  characteristic  of  sypliilitic  lesions  to  be  discrete  or  limited,  n't 
diffuse,  (general  superficial  inflammations,  such  as  bronchitis,  urete- 
ritis, etc.,  are  not  the  consequence  of  syphilis. 

Tiie  general  histology  of  syphilitic  products  is  very  uniform,  tbouii 
influenced  by  situation.  Apart  from  the  primary  sore,  they  may  ft 
considered  in  two  gnmps :  (1)  superficial  lesions;  (2)  gummata. 

1.  Superficial  syphilitic  products  on  the  skin  and  mucous  surfa'.'^j 
are  essentially  influniinatioiis,  in  which  the  most  notable  feature  i?  ^ 
collection  of  round  cells  or  leucocytes  about  the  vessels.  If  the  enif- 
tion  is  more  permanent,  we  find  also  formative  or  epithelioid  cell?  lik-- 
those  in  granulation:  and.  sometimes,  giant-cells.  The  occurrence"! 
the  latter  is  very  irregular,  and  does  not  seem  to  be  connected  with 
any  particular  form  of  lesion.  Another  very  general  feature  is  p^/- 
mentdtinn.  The  brown  pigment  is  sometimes  contained  in  leucocvte?. 
sometimes  in  fixed  connective-tissue  cells.  In  the  latter  case  it  i» 
more  permanent.  Doubtless  the  original  source  is  from  extravajate-i 
blood-disks. 

These  changes  are  chiefly  seen  in  the  corium,  but  the  deep  laversf»f 


■^idermis  may  be-  iiifiltruted  with  cells,  uinl  tlie  change  may  spread  to 
the  subcutjuienut*  tissue. 

Ttie  other  structures  of  the  skin  are  cliiofly  aftected  passively,  being 
infiltrated,  and  it  may  be  destroyed,  by  the  iriflamniatory  cells;  but 
poinetimcii  overgrowth  is  seen.  In  moist  parts  of  the  skin — «'.//.,  the 
anu?  or  genitiils — the  epidermis  is  increased,  in  tin-  form  of  a  wart, 
condyloma,  or  mucous  patch.  Similar  structures  occur  on  the  fauces, 
etc. 

When  these  changes  owur  iu  the  more  ilifl'usie  form,  they  ]>roduce 
the  crythemjitous,  macular,  and  scaly  forms  of  cutaneous  syphilis. 
When  they  are  more  limited,  or  concentrated  round  some  structure, 
such  us  a  hair-f(tliicle  or  gland,  they  produce  the  jiapular  fi>rni  calleil 
svpliilitjc  lichen  or  acne.  When  a  mure  c<»nsiticralile  mass  of  tissue  is 
produced,  it  is  called  a  sypliilitic  tubercle,  which  is  hardly  distinguisli- 
able  fi-om  a  small  gumma.  What  is  called  syphilitic  lupus  is  of  this 
kinii. 

The  amount  of  injury  caused  by  these  lesions  is  proportionate  to  the 
intensity  of  the  inflammation  ;  and  the  differences  between  the  different 
lesions  are  only  matters  of  degree. 

2.  Gumma  or  Syphiloma. — This  name  is  given  when  the  mass  of 
intiammatory  tissue  is  considerable,  and  arranged  in  the  shape  of  a 


Fi(t.  S.i. 


Seelioii  (■]'  ry{jliiluiiiu  ••('  liiv  t-kiii. 

Theitructure  in  chiefly  fihritiiti,  with  laiiny  nuclei  uiid  epithelioid!  cells. 

a,  ciiiut-celJ*;  6.  ei«tbelici)<l  celU. 


tumor.  .  Although  the  process  is  essentially  the  same  tis  in  the  other 
kinds,  tliere  are  some  special  features.  The  mass,  when  newly  formed, 
is  composed  of  yellowish,  eomewhat  translucent  material,  looking 
almost  gelatinous,  or  gummy  (hence  the  name),  but  of  tirm  consistence. 
In  a  later  stage  it  is  opaque,  yellow,  and  almost  cheesy,  hut  tough  and 
not  crumbUng.     Later  on,  the  outer  portions  become  fibrous,  and  the 
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appearance  of  ;«  capsule  is  produce<l.  Finally,  the  ceotral  funm 
become  absorbed  and  reinoveJ  eitlior  by  insensible  changes,  or  ■■ 
rarely  by  softening  an<I  lii|uefaction.  When  the  gurnniti  is  gmmfai 
a  deep  ulcer  raay  be  produced;  when  in  the  interior  (»f  a  solid  ffpa 
a  sort  of  injperfect  abscess  or  cavity  inay  be  produced,  thciugh  rvik 
Generally,  a  niaaa  of  scar-tissue  is  tlie  ultiniute  stage  of  a  gumnu. 

Histology  of  Gumma. — The  greater  part  of  .such  a  nms»  is  mtAe^ 
of  what  is  jj;viieruUy  called  fibro-nucleated  tissue;    that  ia,  of '■rr-" -■ 
or  uuck'l  ivith  a  variable  amount  of  .stroma.      Tlic   objects  v>. 
like  nuclei  are  probably  w».«ited  and  slirivelletl  leucocytes.     ;><'i,; 
the  stroma  liii.s  the  :tj»pearance  of  a  lymjihatic  or    cy9t<»p*nfi!w  t  ^ 
and  this  appcaiiuice  wa.s  once  thought  characti-ristic  of  > 
it  is  nol  constant,  and  in  mostly  seen  after  spedul  niotiv.-    -i    ,.>,-- 
tion,     Epithelioi*!  cells  are  constantly,  giant-cells  sometimes,  swa 

The  central  portions  of  a  j^urania,  if  not  quite  recent,  shovooM- 
nite  .structure,  but  consist  of  a  granular  or  homogeneous  niaMrai 
The  outer  portions  show  more  perfectly  formed  fibrou-s  Linrae,  juri fli 
va.'^cuhir.  The  other  part.s  show  few  or  no  bluodvestfielB.  AppokinM 
like  obliterated  vessels  are  sometimes  seen.  Though  the  caiM 
stages  of  gumma  are  not  often  seen,  there  is  rea.son  to  think  tluJ  • 
generally  begins  with  growth  in  and  around  the  smaller  art<>ne, 
may  often  be  seen  in  syphilitic  masses  from  the  brain.  Th 
necrosis  of  the  mass  W(»ubl  then  be  due  to  total  arterin.1  ol«itrucij| 

Distribution. — Gummata  occi  r  in  bone,  and  es|)c<MaIIy  perioi 
in  muscle,  iti  the  brain  and  its  membranes,  more   rarely  in  the 
cord  and  nerves,  in  the  tongue,  but  rarely  in  any  part  of  the  int 
canal,  except  the  rectum  ;  in  the  liver,  occasionally  in    the  pa 
very  rarely  iti  the  .spleen.     They  occur  in  the  kidney,  and  tuor 
monly   in   tlie    te.'iticles ;    in    the    mamma   very    rnrelj.       The 
occasionally  sliow  syphilitic  ]>roducts,  varying  in  tone  and  de 
heart,  occasionally  solid  gumnrata.     In  tlie  .skin,  superficial 
constitute  the  tubercular  ulcemting  syphilide. 

Of  these,  two  forma   require   special  notice,   via.,  gummata  tl 
liver  and  the  braiir. 

Gumma  or  Syphiloma  of  the  Liver. — Thia  is  more  often  izi 
unexpectedly  after  death  tlian  diagnose<l  during  life,  and  is,  thercfi«^ 
generally  in  u  late  stage  of  development.  It  appears  tisi  a  twv*  ^/ 
tough,  yellowish,  opaijue  material,  of  varying  size,  up  to  sonie  iiidj* 
in  diameter.  The  central  portion  is  sometimes  crumbling,  and  I  hur. 
in  one  or  two  ca.ses,  seen  it  of  a  softness  equal  to  that  of  pus.  T^ 
outer  portions  are  firm  and  fibrous,  and  generally  the  .softer  thein»i<J«, 
the  harder  is  the  outside.  The  fibrous  tissue  i.-^  translucent  it,  i 
sections,  an  appearance  due  lo  the  rarefaction  of  the  liver-ti- 
hepatic  cells  becoming  wasted  and  disappearing,  while  tlir 
Juwtiva  remains,  and  nodules  of  fibrous  tissue  may  ho  seen 
outside  the  visible  nia.ss.  Thus  the  essential  process  np(  • 
infikration  ami  destruction  of  the  liver-tij^sue  by  a  chrci, 
don,  the  products  of  which  undergo  necrosis.     Hut  it  i.s  probable  thai  a( 
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«n  earlier  stage  the  nmss  is  more  liouuigeiieoiis,  iiinl  that  the  central 
necrosis  ami  perijilieiiil  fibrous  f<iniiiitioii  occur  later. 

Sypi!ouia  of  the  liver  is  generally  reganled  a»  a  late  product  of 
sypliilis,  hut  probably  occurs  earlier  than  is  supposed,  since,  unless 
very  larf^\  if  prtxluces  no  3yii>p)toms. 

A  ilifliise  fibrous  change,  like  rirrhnsis.  is  also  attributed  to  syphilis; 
but  the  liistologjcal  process  appems  diflereni  from  that  of  onlinary 
cirrhosis. 

Gumma  or  Syphiloma  of  the  Brain  is  generally  found  at  a  late 
period  of  the  disease,  hut  .sometimes  earlier.  I  Lave  seen  it,  in  one 
case,  within  two  months  of  the  primary  afleetion.  The  mass  is  a  part 
more  or  less  gelatinous  in  appearance,  afterward  cheesy.  It  is  gener- 
ally situated  superficially,  involving  the  pia  luatcr.  sometimi-s  the  dura 
Dialer,  either  at  tlu-  base  or  on  the  vertcv  of  the  hcniispberes.  From 
the  meninges  an  irregular  mass  e.\ten»ls  into  the  brain-substance, 
sometimes  roughly  spherical  and  an  inch  in  diameter,  or  larger. 
Central  masses,  unconnected  with  the  membranes,  are  mnch  rarer.  A 
notable  feature  is  the  implication  of  the  arteries.  Externally  they 
show  inflaunuatory  and  hyperplastic  changes  in  the  outer  coat  (periar- 
teritis syphilitica),  often  localized  at  one  spot  >o  as  to  pmduce  a  small 
tumor.  The  internal  coat  of  the  arteries  is  also  iniiamed  (endarteritis), 
producing  masses  of  small-celted  growth,  which  narrow  or  block  up 
the  arterv  after  producing  thrombosis.  This  i.s  doubtless  one  of  the 
chief  causes  of  the  necrosis  of  the  gumma,  and  in  the  brain  may  be  the 
direct  cause  of  death.  These  arterial  changes  appear  to  be  the  means 
by  which,  in  the  brain,  the  syphilitic  process  spreads.  .Similar 
changes  probably  take  place  in  other  visceral  gunimata,  but  from  the 
structure  of  the  nrgans  are  less  noticeable. 

Syphilis  of  the  Lung^  appears  in  the  form  of  inflammatory  nodules 
varying  in  size,  which,  in  the  early  stage,  much  resemble  lobular 
pneumonia.  They  undergo  fibroitl  degeneratiiui,  atid  cousidorahk* 
fibrous  masses  may  fie  thus  prndueed  ;  umre  rarely  a  Yellowish  lumji. 
like  a  gumma  of  the  liver,  results.  The  svmntoms  much  resemble 
those  of  tubercular  phthisis,  and  the  affection  may  be  .sometimes  recog- 
nized clinically  by  iiuch  symptoms  being  coui|detcly  cured  by  appro- 
priate treatment. 

RHINOSCLEROMA, 


Khinoscleroma  i.s  an  extremely  rare  disease,  of  which  only  one 
authentic  case  has  been  reported  in  this  country,  ft  forms  ma-sses  of 
granid.ition-tissiie  in  the  nostrils,  ext<'ndiug  to  the  upper  lip,  and  to 
the  pharynx  and  fauces,  sometimes  still  m<uv  dee|ily.  The  mjisses  arc 
extremely  hard,  but  in  structure  have  a  considerable  resemhhince  to 
lupu.s,  being  chiefly  distinguished  by  the  large  size  of  some  of  the  for- 
mative cells  of  the  granu!ation-tis.stie,  anrl  by  their  containing  colloid 
matter.  Tfiere  are  no  giant  cells.  The  elementary  libres  of  thecoriunr 
or  corresponding  tissue  are  greatly  thickened,  and  in  one  case  whicli  I 
have  examined  this  appeared  to  be  the  cause  of  the  hardness  of  the 
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tissue.     It  18  a  locally  ilestructive  aftection,    uot    knowi)   <■■  '-•- 
generalize<i. 

T!iis  disease  is  apparently  caused  by  a  bacillus  vrljidi  i-<  ■   i 
found  and  has  boen  cultivated,  but  not  successfully  iii'>cula:iiL    '..» 
certainly  distinct  fVoui  tlie  tubercle-bacillus.      {^See  Fronu.-«jM«t.i 

The  geographical  distribution  of  this  disease  is  very  rvtnarkibli  \ 
has  been  seen  onlv  in  the  eastern  part  of  the  Austria.ii  Einpat.&l 
Italy,  Egypt,  and  !^outh  Anaerica/ 


LEPROSY. 

This  terrible  disease  is  marke<l  pathologically  by  the  j»rj»doci«t rf 
gran  id  !it  ion  or  chronic  inflammatory  tissue  in    various  |;i«rt<  4  e 
body,  but  most  notably  in  tlu-  skin  or  mucous  iiienibrancit,  an«l  xt'-l- 
connective  tissue  of  nerves.    On  this  distribution  depeml  tiit*  ij.:: 
recognized  forms  of  tlie  disease,  viz.,  (li  tubercular  or  cutaiiei.<ii2.  j:. 
(2)  nervous  or  ansesthetic.     There  are  also  mixed  forms. 

In  the  first  form,  after  the  ajipcanince  of  a  macular,  exAOtbcBitr 
eruption,  lumps  or  iliflTuse  infiltrations  of  the  new  growth  arc  fof>^ 
which    produce  the  characteristic  deformities  of   the  liisea-k'.     In" 
second  i'orm   the  various  remarkable  symptoms   produced  may  al».  '• 
referred  to  the  same  process  affecting  the  nervous  system. 

The  structure  of  what  may  be  called  the  leprous  tissue  is  asfbOt'*' 

It  is  composed  essentially  of  cells  which  at  first  are  roundidi  »■ 
identical  with  leucocytes  imbedded  in  a  scanty  fibrous  stroma.  TW 
cells  increase  in  size,  till  the}'  may  attain  four  or  five  tiuiea  the  dioM^ 
sions  of  a  leucocyte.  The  nuclei  also  become  larger,  sometiines  nuav 
nucleated  ceils  are  seen.  The  cells  are  pale,  uot  granular,  genoiB* 
roundish,  rarely  spindle-shaped,  and  sometimes  conUiin  vacuoW. 

It  is  thus  a  regular  granulation-tissue,  in  which  the  onlr  spictil 
feature  is  the  presence  of  large  cells,  which  have  been  called  Inut* 
cells. 

This  tissue  originates  in  the  corium,  and  docs  not  infiltratv  (W 
epidermis ;  it  does,  however,  spread  into  the  subcut4uieou$  tissacL 

The  tissue  is  vascular  and  extremely  persistent.  It  may  nlccHSi 
but  does  not  undergo  general  necrosis.  Complete  involation  rf  • 
tuber  is  rare,  and  spontaneous  ee.s.sation  of  the  disease  i«  aokiiovi. 
The  leprous  virus  iinii  its  products  possess,  therefore^  a  more  penittHt 
vitality  than  those  of  syphilis,  or  even  those  of  tubercle. 

The  specific  virus  of  leprosy  appears  to  be  a  bacillus  which  tt  e* 
stantly  found,  and  in  very  large  numbers.  These  bacilli  arc  oontaiDei 
in  cells,  and  e-specially  in  the  large  leprous  cells,  the  special  fhwffM* 
of  which  appear  to  be  owing  to  them. 

They  are  found  in  every  part  of  the  body  where  t^  us 

occurs,  and  in  all  cases  from  all  parts  of  the  world.  ..ave 

isolated,  and  to  some  extent  cultivated.     Inoculation  into  anintabki 

t  For  filjurM  knd  dr«cri|ition  Me  paper  br  86nioii  luiil  Pajruc^  Tr*i>«,  rwiiml,  i*rt^ 
of  Loiulou>  *«1,  xxxvi.  p.  '^,  pistes  iv.  nnd  v. 
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produced  local  new-growth,  but  not  any  general  disease,  probably 
because  no  species  of  animal  has  been  found  liable  to  the  malady.  It 
cannot  therefore  be  positively  proved  that  the  bacillus  causes  the  dis- 
ease, though  from  its  constant  occurrence  in  such  great  numbers  it  is 
hardly  possible  to  doubt  this. 

Leprosy  is  thus  a  specific  infective  disease ;  but  in  what  way  the 
virus  enters  the  human  body  is  not  yet  clear.  Opinions  differ  as  to  its 
contagiousness ;  but  it  is  quite  certain  that  it  may  spread  rapidly  when 
introduced  into  a  country  previously  free  from  it ;  and  that  it  does  not 
arise  de  novo  in  countries  where  it  is  not  habitually  present.  The 
question  of  contagion  is  difficult  of  decision  on  account  of  the  long 
period  of  incubation — extending  over  months  or  even  years — which 
leprosy  probably  goes  through. 


GLANDERS  AND  FARCY. 

These  are  two  forms  of  a  disease  affecting  horses  and  asses,  one  a 
disease  of  the  nose,  the  other  of  the  skin.  Both  are  sometimes  trans- 
ferre<i  to  the  human  subject.  It  may  be  inoculated  into  some  other 
animals — ^goats,  sheep,  etc.  In  glanders  we  have  an  inflammation  of 
the  mucous  membrane  of  the  nose,  like  a  purulent  catarrh,  but  accom- 
panied by  the  formation  of  nodules  or  granulations  which  break  down 
and  form  considerable  ulcers.  The  ulceration  may  extend  deeply  and 
destroy  the  bone.  The  disease  spreads  to  the  lymph-glands  (hence 
the  name  glanders)  which  become  inflamed  and  then  undergo  caseous 
degeneration.  Thrombosis  often  occurs,  and  there  may  be  metastasis 
to  the  lungs  and  other  parts. 

Farcy  of  the  skin  is  generally  a  chronic  affection,  in  which  cuta- 
neous or  subcutaneous  nodules  are  produced,  and  with  secondary  infec- 
tion of  the  lymph-glands.     It  sometimes  passes  into  glanders. 

In  man  the  disease  is  nearly  always  acute ;  the  formations  pass 
rapidly  into  suppuration ;  abscesses  are  formed,  and  the  whole  has  a 
great  resemblance  to  pyaemia. 

Chronic  farcy  in  man  is  excessively  rare,  but  does  occur. 

The  anatomical  structure  of  the  nodular  masses  in  both  forms  is  the 
same,  consisting  in  a  small-celled  granulation-tissue,  prone  to  suppura- 
tion, but  also  forming  fibrous  scars.  The  nodules  or  tubercles  in  the 
acute  form  vary  from  the  size  of  a  miliary  tubercle  to  that  of  a  pea ; 
in  the  chronic  form  they  are  larger  and  resemble  lupus.  They  degen- 
erate into  tough  yellowish  opaque  masses  more  like  guramata. 

The  natural  history  of  this  disease  clearly  shows  it  to  be  a  specific 
infective  disease  due  to  a  living  virus,  and  lately  a  bacillus,  which 
ap|}ear8  to  be  its  cause,  has  been  discovered  by  Babes,  Loffler,  Schutz, 
and  Israel. 

It  has  been  cultivated  and  inoculated  into  animals,  i.  e,,  rabbits, 

linea-pigs,  as  well  as  into  horses — with  the  result  of  reproducing  the 
jsease. 
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Synonym  :  Splenic  Fever,  or  Malignant  Fnatole. — ^This  h  i»  ' 
marily  a  disease  of  cattle,  derived  by  tliem,  either  directly  fr«»| 
soil  or  from  other  cattle  by  indirect  methods  of  contagion. 

The  poison  is  known  to  be  a  special  form  of  bacillas,  wtucii,  «U] 
introduced   by   respiration,  with   food,  or    by  Home   abrasion  or  wcs 
wound,  into  the  blond  of  c,-ilth%  becomeis  widely  diffused  in  tbcirtwla] 
producing  a  severe  constitutional  disease,  often  fatal,  which  tMf< 
in  epidemics  or  sporndicfdly. 

The  bacillus  is  contuineil  in  the  secretions  as  well  as  in  ilic  ''••i 
and  is  still  active  after  the  dealh  of  the  animal.       It  retains  it>  i     ' 
for  a  long  time,  even  many  muiiths  after   being   drietl  up.     H 
diseased  auiuial  supplies  miiiiy  products  by  which  tlie  [>oi*)n  JW'^, 
returned  to  the  soil.  es[ieciitHy  if  it  be  buried  there. 

In    this   way  pastures  may   become   permanently   a  fleeted,  ■wi  "  I 
countries  wliere  tlie  disease  is  common  such    localities  arc  well  li*' 
and  dreatled.     The  chief  favoring  condition  in  the  soil  apfKur^tt'ij 
moisture,  and  tliorongh    drainage  appears  sometimes  to  destn»j  » 
infectioiisnesj*. 

The  poison  may  also  be  conveyed  from  one  animal  to  anoilirr 
numerous  indirect  methods,  such  as  by  the  bites  of  dogs  whii 'i  > 
fed  on  the  carcjisses  of  infected  animals,  by  fliea,  espccialh 
gad-flies,  if  they  have  been  in  contact  with  the  blood  or  seer. ; 
infected  animals  ;  also  by  fodder,  litter,  utensils,  etc.,  which  li:r.  - 
simiiarly  infected.  The  tuould  of  pastures  retains  the  ptti-  ■  ^ 
great  tenacity.  Putrefaction  of  tlie  CJircass.  and  contact  wiih  ,  ■;- 
fying  substances,  weaken  or  <iestroy  it. 

The  hide,  horns,  and  hoofs  of  animals  that  have  died  of  the  di>at 
may  transmit  it ;  and  .so,  it  is  said,  may  the  bones,  if  used  as  ttattS^ 

Horned  cattle  are  most  liable  to  the  disease;    next  sheep aiiii  '■"'•'■ 
and  lierbivorous  animals  generally;  omnivorous  animals,  as  «.>». 
much  less  liable,  and  carnivorous,  especially  dogs,  least  of  alL 

The  miasmatic  disease  is  rare  in  this  country,  and  hence  cattir  » 
comparatively  seldom  affected.  Still  more  rarely  does  it  affect  wtt: 
and  this  occurs  alnjost  always  from  infection  through  hides,  fleeco>.<" 
otlier  jmrt,s  of  aniiiials  brouglit  fmm  districts  wliere  it  ia  prpvalenL 

The  human  disease  is  generally  [)ro<luced    by   ino< 
in  th«  countries  where  the  mttle-disease  is  |irevalent,  i 
respiratory  and  digestive  tracts  is  not  unknown. 

When  itu>culated  it  is  naturally  almost  always   seen    on   the    ...,- 
tected  parts  of  skin,  viz.,  hands  or  face,  of  tnose  who   Lave  lui*l  *• 
deal  with  infected  materials.     The  poison  nniy  also   be  0<mvr7«l  C 
man  by  flies. 

Inoculation  may  take  place  by  a  wound,  or,  without  that,  hv  ft  f** 
tule.     A  local  affection  is  first  pro<hiced  which  is  described  in  '*iir.:t'^ 
works  as   malignant  puatuie.     That  the  disease   is,  for  a  tn 
is  shown  by  the  fact  that  surgical  treatment  may  completely  cm  n^ 
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it.  But  the  poison  usually  enters  the  blood  and  produces  a  general 
disease. 

Contagion  from  man  to  man  very  rarely  occurs,  but  a  few  cases 
have  been  recorded.  Inoculation  of  blood  or  fluids  from  infected 
persons  will,  however,  reproduce  the  disease  in  animals.  Infection 
has  been  known  from  post-mortem  examinations. 

We  have,  therefore,  in  this  disease  a  perfect  example  of  a  specific 
poison  which  may  pass  from  the  soil  to  an  animal  body,  these  undergo 
an  enormous  multiplication,  and,  after  passing  through  one  or  several 
bodies,  return  to  the  soil  again,  preserving  its  infective  properties. 
A  disease  thus  perpetuated  is  both  miasmatic  and  contagious. 

Although  in  some  respects  very  different  from  tubercle  and  syphilis, 
anthrax  agrees  with  the  infective  granuloma-diseases  in  the  fact  that 
the  inoculation  produces  a  severe  initial  lesion  before  generalization  of 
the  virus  takes  place. 


CHAPTER   XXXIX. 

FIFTH  CLASS  OF  SPECIFIC  INFECTIVE  DISEASES;  MIASMITK 

DISEASES. 

These  are  diseases  of  which  the  poison  exists  in  the  soil  or  inia. 
and  is  thence  taken  into  the  human  body.  There  is  no  evidence  > 
to  the  way  in  which  the  poison  leaves  the  body,  if  it  does  so  at  »l 
Hence  communication  of  the  disease  to  other  persons  by  the  ordimn 
channels  is  unknown  or  very  rare. 

It  follows  that  a  person  acquires  a  miasmatic  poison  by  sojonnii« 
in  a  certain  place  ;  but  he  may  carry  the  poison  away  with  him,  laJ 
become  affected  by  it  either  at  the  time  or  after  a  period  of  incubtii'ja. 

It  should  be  borne  in  mind  that  there  are  some  diseases  which  ma 
be  acquired  both  from  the  soil  and  from  other  persons ;  that  is,  wliiti 
are  both  miasmatic  and  contagious. 

Pure  miasmatic  diseases  are  ague  and  other  forms  of  malarial  & 
ease  ;  also  yellow  fever  and  dysentery,  though  these  are,  perhips. 
contagious  also. 

Diseases  both  miasmatic  and  contagious  are  anthrax,  probablj 
typhoid  fever ;  possibly  plague  and  cholera. 

Ague,  Intermittent  Fever,  Malaria. — There  is  no  doubt  that  tfc* 
poison  of  ague  is  contained  in  the  soil  of  certain  places,  that  it  pa.*j<? 
into  the  air  and  is  absorbed  by  the  breath.  There  is  reason  to  thiak 
that  it  is  also  sometimes  taken  into  the  body  with  drinking-water. 

The  general  name  of  malaria,  or  malarious  poison,  is  given  to  tk 
influence  producing  this  disease :  and  the  same  influence  is  credite-i 
with  producing  otlior  more  severe  forms  of  di.sease  called  remirtew 
fever,  pernicious  malarial  fever,  malarial  cachexia,  etc. 

It  may  be  a  question  whether  all  these  forms  of  fever  are  due  tc- 
the  same  cause  ;  but  the  general  opinion  is  that  they  all  constitute  iht 
same  disease  in  various  degrees  of  malignity.  The  one  feature  coa- 
mon  to  all  is  fever  which  remits  and  returns  periodically.  The  othff 
symptoms  need  not  be  considered  here. 

The  malarial  poison  is  found  over  a  large  part  of  the  earth's  surfew. 
both  in  hot  and  in  temperate  climates.  Certain  conditions  of  moL*tait 
and  vegetation  greatly  encourage  its  production,  but  cannot  be  su'i 
actually  to  produce  it,  since  the  same  amount  of  moisture  and  '^f 
vegetation  may  be  found  in  places  where  malaria  is  unknown.  F'* 
instance,  in  n<jrtliern  countries,  marshes  and  soils  loaded  with  stag- 
nant water  are  the  seats  of  malaria  :  but  the  Roman  Campa<n»a,  whids 
is  very  dry,  is  notoriously  infected  with  it.  The  exemption  of  tk* 
continent  of  Australia  has  been  explained  by  the  general  drvness  </ 
the  soil ;  but  Tasmania,  where  the  climate  is  humid  and  v^etatioB 
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luxuriant,  is  still  more  completely  exempt.  Lowlands  are  doubtless 
more  favorable  to  malaria  than  high  stations,  but  it  is  known  at  great 
elevations,  for  instance,  on  the  tableland  of  Castile  in  Spain,  and  on 
the  eastern  slopes  of  the  Andes  at  an  elevation  of  several  thousand  feet. 

No  kind  of  soil  or  geological  formation  has  exclusively  the  power 
of  fostering  malaria,  but  some  are  more  favorable  to  it  than  others. 
According  to  Parkes,  the  following  are  most  so  :  1.  Alluvial  soils,  old 
estuaries,  deltas.  2.  Sands,  if  there  is  an  impermeable  clay  or  marly 
subsoil.  3.  The  lower  parts  of  the  chalk,  where  there  is  a  subsoil  of 
gault  or  clay.  4.  Weathered  granitic  or  trap  rocks,  if  intermixed 
with  vegetable  matter.  5.  Rich  vegetable  soils  at  the  foot  of  hills 
(for  instance,  the  jungle,  or  t^rai,  in  India). 

The  influence  of  high  annual  temperature  is  seen  only  in  producing 
more  pernicious  forms  of  malaria,  as  in  tropical  compared  with  tem- 
perate climates. 

The  influence  of  season  is  shown  by  the  fact  that  some  districts 
which  can  be  visited  with  safety  in  winter  are  extremely  pernicious 
in  summer. 

It  is  also  a  well-ascertained  fact  that  cultivation  is  extremely  unfav- 
orable to  malaria,  and  in  most  cases  soon  destroys  the  poison.  Agues 
were  almost  universal  in  England  two  or  three  centuries  ago,  but  since 
great  tracts  of  country  have  been  drained  and  cultivated,  the  disease 
has  become  almost  extinct,  except  in  certain  districts. 

On  the  other  hand  the  breaking  up  of  malarious  soil  by  excava- 
tions, etc.,  is  known  to  be  a  dangerous  process,  by  setting  free  the 
poison.  Lands  once  cultivated,  which  are  allowed  to  relapse  into  a 
'wild  state,  often  become  again  very  fertile  in  malaria. 

Malaria  is  not  only,  as  has  been  shown,  endemic,  but  may  some- 
times become  epidemic,  and  such  an  epidemic  may  spread  over  a  wide 
area. 

For  instance,  two  such  epidemics  are  recorded  in  the  history  of  our 
own  country.  One  in  the  years  1(378—9,  which  was  so  severe  as  to 
le  called  the  "the  new  fever":  another  in  1718-22.  Both  these 
'were  generally  spread  over  Europe.  Such  are  often  observe<l  in  coun- 
tries where  malaria  is  prevalent. 

If  we  take  a  wide  view  of  all  these  facts,  it  will  be  seen  that  they 
are  just  such  generalizations  as  might  be  made  about  the  distribution 
of  species  of  animals  and  plants.  A  botanist  may  say  that  such  and 
such  soils  in  certain  climates  are  suitable  for  the  growth  of  certain 
plants,  but  it  by  no  means  follows  that  these  species  will  be  found 
there,  even  though  the  suitability  of  the  soil  may  be  shown  by  the 
Tapid  growth  of  the  species  if  introduced. 

The  same  analogy  holds  with  regard  to  the  extirpation  of  malaria 
l)y  drainage  and  cultivation  of  the  soil ;  for  it  is  notorious  that  culti- 
"vation  eradicates  and  destroys  numerous  species  of  plants  and  ani- 
mals without  any  special  effort  on  the  part  of  the  cultivator,  merely 
l)ecause  the  physical  conditions  of  the  soil  are  no  longer  suitable  for 
their  existence. 
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Again,  the  relapse  of  such  soils  into  an  uncultivate<! 
often  followed  by  the  re-appearance  of  some  of  these  wii 

We  should  hence  conclude  that  it  is  highly    probni  * 
poison  depends  upon   some  organism.  Hnimal   or   v<  _ 
either  itself  the  poison,  or  generates  the  poison. 

There  are,  in  fact,  only  two  other  hypotheses  possible. 
some  actual  gaseous  emanation  from  the  soil   is   the  caui^r.    2n)|A» 
etted  hydrogen,  marsh  gaa,  etc..  which  are  sometitnes  found  jfti^ 
of  malarious  places,  especially  niiii*she9,  have  been  8Ugge*ti«d.    Bs 
is  quite  certnin  that  no  inorganic  poison  can  produee  tin*  txtapum  • 
ague,  since  fever  is,  iis  we  know,  not  produceil  by  such  an  •jgcni. 

Moreover,  since  the  poisoning  is  something  which  an  ihfM•I^;  f*r- 
son  can  carry  away  with  him  and  preserve  in  his  body  frrr  x<««.  • 
cannot  be  a  mere  dose  of  some  divisible  substance,  but  must  !»)*» 
thing  having  the  power  of  growth.  Since,  however,  per»o*i*  »» 
times  suffer  in  malarious  places  from  transitory  symptoms  hkfd* 
of  poisuniiig,  without  aecjuiring  any  actual  disease,  it  is  ptjes-nibif  t^ 
may  1»e  a  volatile  m.alarious  poison,  as  well  as  an  organi.^t"  »''"l"  ^ 
duces  it. 

The  only  other  liypothesis  is  that  ague  is  u  sort  of  |,.i:!,ii  ■  ^ 
hility  to  cliitl,  induLvd  by  tlie  dampness  or  rapid  cltaii;:.-^  I  -.  u:.f> 
ture  said  to  he  rharact«'ristic  of  malarious  spots.  But  tin  >  i-;i:  _■  • 
temperature  which  produce  chills,  etc.,  are  characters  of  rlciui'  ■ 
of  malaria ;  and  may  he  most  conspicuous  and  extreme,  withoui  no- 
ing  the  disease.  Tbe  climate  of  England  has  not  materialk  dai^ 
within  two  centuries,  and  every  winter  thousands  of  penoos  Mt 
expose<l  to  the  most  severe  chills.  NevertJieless,  though  ther  mij 
acquire  catarrhs  and  rlieumatism,  the}'  do  not,  in  thei*e  days,  apowt 
ague.  Again,  persons  may  pass  through  a  mulnrious  place  vitHMi 
Buffering  u  chill  or  receiving  any  symptoms  whatever ;  and  f'*'  ""^ 
have  carried  away  with  them  the  ague-poison. 

We  conclude,  then,  that  the  hypothesis  of  a  specific  infoctiw  ■  -.-- 
ism,  having  the  power  of  living  in  the  soil  and  also  in  thf  h.vu^ 
body  and  of  there  producing  fever,  etc.,  is  adctjiiul^  to  t-xplmri  ''' 
facts  of  ague.  Further,  that  no  other  hypothesis  yet  prup«jH'i  a 
adequate  to  explain  them. 

Ilence,  according  to  the  laws  of  scientific  proof,  if  the  asnuiM^ 
cause,  the  organism,  could  be  proved  to  exist,  the  hypothnas  w^*U 
be  scientifically  demonstrated. 

The  one  point  in  wbich  this  poison  appears  to  differ  from  tli«*  rf 
the  other  sjn'cific  diseases  is  not  being  transmissible  from  man  t«  »«». 
no  well-established  instances  of  contagion  being  reconlc<J.  It  h>^ 
however,  lately  been  shown,  (by  Marchiafava  and  Cdli)  iKtt  tkt 
inoculation  of  the  blowi  of  an  ague  patient  into  healthy  |H?nN>ii*  wi 
reproduce  the  disease  in  them.  The  only  possible  jionrrr  of  fslb<7 
here  is,  that  the  persons  experimented  upon  may  b 
malarious  district  and  thus  ac<|uired  the  disease  u< 
so  obvious  a  source  of  error  was  guarded  against.  th«  experiMtf 
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clearly  proves  a  multiplication  cit  tlie  [luison,  as  in  other  specific  dis- 
eases. 

Wstli  regard  to  the  nature  of  ilie  poison,  certain  resenreJies  seemed 
to  identify  it  with  a  certain  liaeilius  found  in  the  soil  nf  maliirioiis 
districts;  but  more  recently  an  animal  organism,  a  tla;zel late  infuso- 
rium, has  been  fotiml  in  tin-  blood  of  ague-patients,  whicli  seems  more 
probably  the  eause  of  the  disease. 

This  will  be  deserihed  in  the  section  on  par:u*iites. 

Morbid  Anatomy  of  Ague. — A  patient  affected  with  ordinur}-  uguo 
80  rarely  dies  from  it  that  nothing  definite  can  be  said  about  the  post- 
mortem apijearaiices,  but  in  chronic  cjises,  or  sometimes  in  death  from 
pernicious  miihirial  fevers,  characteristic  appoaninces  are  met  with. 

Tlie  most  marked  change  is  the  dejtosit  in  the  tissues  of  the  pig- 
ment, mostly  dark  brown  or  black,  sometimes  orange-colored,  in  the 
form  of  granules,  sometimes  contained  in  cells.  This  is  seen  in  the 
spleen,  liver,  cortex  of  the  brain,  spinal  cord,  kidneys,  heart,  lungs, 
lymph-ghind.s,  skin,  serous  membrane,  etc.,  as  well  as  in  the  blood. 
The  pigment  is  seen  esj>ecially  in  the  wivlls  of  bloodvessels,  and  is 
doubtless  derived  from  the  destruction  of  red  blood-disks  and  setting 
free  their  luemoglobin,  whieh  is  Iirnken  up  and  forms  the  pigment. 
This  appears  to  be  taken  up  by  the  leucocytes  and  conveyed  into  the 
tissues  by  cell -migration. 

Pigment-granules  are  aLso  seen  in  the  blood  during  life,  in  both 
classes  of  corpuscles  and  also  free.  There  is  evidence  of  great  de- 
struction of  red  blood-di.sks.  In  twenty-four  hours  an  ague  patient 
was  found  by  Kel.sch  to  lose  one  million  blood-disks  per  millimetre 
cube  (*«•«  Chapter  XXVI.  p,  271). 

Besiiics  these  blood-changes,  there  is  remarkable  enlargement  of  the 
spleen,  and  in  a  les.s  degree  of  the  liver.  In  a  case  recorded  by  Dr. 
Maclean  these  two  organs  made  up  one-ijuarter  of  the  total  body- 
weight  of  a  hov,  the  spleen  weighing  10  lb.  15  oa.,  the  liver  U  lb. 
10  oz.  ' 

There  are  no  other  characteristic  appearances.  The  material  poison 
produces  less  distinct  necrotic  and  degenerative  changes  in  the  ti.ssues 
than  are  seen  in  the  continued  fevers,  and  does  not  cause  acute  local 
inllunnuation. 

Certain  special  appearances  in  the  blood  will  be  spoken  of  after- 
ward. 

YELLOW    FEVEK. 


The  virus  of  this  disease  is  chiefly  miasmatic,  existing  and  probably 
nmltiplyiHg,  outside  the  body.  It  thus  exists,  however,  only  in 
inhabited,  and  usually  in  thickly  inhabited*  places,  so  that  something 
pstssing  from  human  boities  aj)pciirs  to  be  concerned  in  keejung  up 
the  miasmatic  poison. 

The  disease  is  endemic  only  in  hot  cotintrie-s,  and  there  is  limited 
to  commercial  seaports  and  cities  in  corainunication  with  them  by 
navigable  rivers,  and  is  almost  confined  to  the  American  continent 
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and  islands.     It,  has  occttsionally  spread  8S  an  i-pidemic  tu  E. 

maiitime  cities,  even  to  British  ports,  as  Livcrjiool  uud  CinL: 
in  southern  Eurofie  has  spread  widely  over  the  fountrr.  1: 
cases  the  poison  is  conveyed  undoubtedly  by  ships,  aod  »|.|- 
pertain  to  the  ship  itself,  rather  than  individuals. 

There  has  been  much  controversy  as  to   the  actual   seat  or  L 
the  poison,  whether  in  the  soil,  in   harbor  mud,  or  bilge-water  Ui 
tain  ships.     Into  this  quei^tion  we  cannot  enter;   it   is  enoock  Ai 
there  is  a   material    poii^n ;  that  it  is    carrieil    about   in  tac  ar 
described;  and  that  ut  one  time  or  another  it   may  be  preeeniatl! 
these  three  situations. 

But,  on  the  ntlirr  liiind,  there  \»  some  evidence  that  the  vina' 
established  in  the  Imniun  Lady,  may  be  given  off  to  other  U^«;tk 
is,  the  disease  is,  in  the  ordinary  sense,  contagious.  Tbifi  iik  how^t, 
not  universally  accepted. 

There  is  no  typical  period  of  incubation  for  yellow  fever;  kaf 
vary  from  one  day  to  weeks  or  even  months. 

The  virus  introduced  into  the  biuly  causes  fever  and  gmt  ik^ 
eratioii  of  tissues,  and  csjtecially  of  the  blood,  which  i«howa  siptJ 
imperfect  coagulation,  dissolution  of  blood-corpiisclea,  etc.,  and  jnXn- 
fies  very  rapidly. 

The  liver  alter  death  is  foun<l  greatly  disorganized  and  jauTi^;^' 
the  muscular  substance  of  the  heart  remarkably  degonei'ated. 

The  precise  nature  of  the  virus  in  yellow  fever  hsis  not  y*-- 
mined,  hut  it  is  evidently  closely  connected  with  or  bred  it. 
iiijl  animal  matter,  such  as  the  mud  of  certain   harbore  and  tin:  »'ii.- 
water  of  ships,     There  is,  however,  in  addition,  a   specific  or  liurwi 
element,  of  which  notliing  certain  can  be  said. 

Partially  Miasmatic  Diseases. — Dysentery  has  been  almij 
spoken  of  as  an  infective  disease,  sometimes  eotnujunicable.  Tt«« 
can  be  no  doubt  that  it  is  also  a  miasmatic  disease,  and  that  the  jmi** 
exists  in  the  soil  of  many  parts  of  the  world,  especialK-  ii.  In.t  -^d- 
tries. 

Typhoid  fever  may  be,  under  certain  circuni8tanLf>.  ■ 
•A  miiLsniatic  disease,  since  the  poison  exists  in  the  soil  or  in 
may  be  received  theiire  into  the  body. 

The  same  remark  applies  to  cholera,  and  there   are  |iri' 
locul   fevers,  the  species  of  which  are  not  yet  clearly   di- 
which  also  have  tlieir  habitat  in  the  soil  or  water  of  parties...   ^..  -r, 
though  they  may  be  more  widely  distributed  by  luim.Hn  agency. 


SIXTH    CLASS   OF   SfEOIFIC    DISEASES  ;    MVCOSBS. 

The  affections  of  the  skin  and  mucous  surfaces  produced  by  vpt'^j 
hie    jiaiasites   are  undoubtedly    specific   diseases,  since  they 
definite  living  virus  or  contagium,  capable  of  conveying  ihe  ■ 
They   differ  from   other  specific   diseases  in   retaining  an  pxvi 
local  character.     The  living  parasite,  or,  as  it  is  c^illei? 
duces  a  local  affection  of  the  part  where  it  grows,  u;. 
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fangus-diseafie.  but  <loe:'  not.  with  rare  exceptions,  enter  tlie  circu- 
lon  so  as  to  set  up  new  foci  of  liiseusc  in  internal  })lu■t^^.  nor  does  it 
erate  any  toxic-  sulistance  which  is  iibaorbed  into  the  blood  so  as  to 
;use  general  or  funetiunal  disturbances.  Hence  these  disea.ses — 
Rinj;worui,  Thrush,  and  the  like — are  not  ifijWtivey  though  they  are 
contagioiia  UTuIadies. 

The  only  known  exceptions  to  this  general  Inw  are  as  follows: 
The  spores  of  three  species  of  a  common  form  of  mould  fuTi;i^u.s, 
Aspergillus,  if  injectetl  into  the  blood  of  rabbits,  have  been  found  to 
grow  in  some  of  tlie  internal  orgiins,  especinlly  kidneys,  liver,  an<l 
muscles,  so  a.s  to  form  colonies  of  the  fiin<:us.  Death  resulted  if  the 
quantity  introduced  wns  large.  Moreover,  tlie  .same  fungus,  one 
8pecies  of  which  has  been  seen  as  an  ordinary  e[uphvto  in  the  human 
ear,  and  has  been  found  m  human  sjiuta,  not  infrequently  e.stablishes 
itself  on  the  surface  of  the  air-passage*  of  birds,  and  has  been  known, 
when  inhaled  more  deeply,  to  set  ujj  inflammation  of  the  lungs,  or 
pneumonia.  Pneumonia  from  the  same  cause  has  also  been  sometimes 
observed  in  the  lungs  of  cattle. 

Another  exceptional  case  of  internal  fungu3-disea.se  in  man  is  that 
produced  by  the  rare  and  remarkable  vegetalde  parasite  known  as 
actinomyces.  The  commonest  situation  for  this  parasite  is  on  the 
jaws  of  cattle,  where  it  form.sa  whitish  tumordike  mass,  whicli  works 
into  the  bone  and  causes  necrosis.  Passing  further  in.  it  may  cause 
tumors,  accompanied  Ijv  suppuration,  in  tlu-  lymph-glands,  lungs,  and 
other  parts.  In  man  the  same  fungus  has  been  found,  though  very 
rarely,  in  the  crypts  of  the  tonsils  and  also  in  internul  organs,  proiluc- 
ing  abscesses  in  the  conuective  tissue  and  in  the  liver,  jdeurisy,  peri- 
touitis,  and  other  affections,  of  which  ab.scess  of  the  liver  ajvpears  to  be, 
at  all  events  in  this  country,  the  len.st  rare.  The  botanical  position  of 
this  organism,  which  will  be  described  later  on,  is  still  uncertain. 
This  and  the  iither  instances  rpioted  show  that  it  is  not  impossible  for 
fungi  of  the  same  class  as  those  whicli  produce  the  common  con- 
tagious skin-af!"ectif)ns.  to  give  rise  to  disease  of  internal  orgjuis. 

In  such  cases,  the  liistory  of  the  infection  is  analogous  to  that  of 
the  infective  gninulomata.  There  is  an  initial  lesion  at  the  jmint 
where  the  organisui  enters  the  iKitly  and  secondary  lesions  of  other 
parts,  just  as  in  the  case  of  tubercle,  syphilis,  glanders,  and  the  like. 


C II A  V  V  E  R 

PARASITES  AND  PARASITISM, 

By  a  parasite  is  meant  an  orgauism   which   obtains  XIB  foal  u 
lodgirifiT  at  the  expense  of  another  organism,  either  in  it  or  upoait 

Parasttea  uiiiy  '^f  either  animal  or  vegetable,  and  niuv  be  ytns 
either  in  or  upon  iinimals  or  plants.  The  parasites  of  plant.t  vi'  i. 
concern  ua  here,  ami  we  have  only  to  consiiler  tlie  parasitir  auinui*  t 
[jlants  of  tho  liuni;in  body.  But  it  will  be  well  first  to  take  •  CBi*<n 
view  of  the  laws  of  parasitism  in  general- 
Parasitic  orgitnisins  do  not  furtn  a  distinct  di%'ision  eilberrftk 
animal  or  the  vegetuble  kingdom,  but  they  may  be  mnl  Ut  U,  » 
generul,  low  forms  of  life;  ft-eliler  and  lower  in  urgnnizntiun  ihnfttV 
animal  which  bears  them,  which  is  called  their  "  host." 

Nor  is  pariiaitic  existence  ilistinguished  by  any  absolutely  cieulior 
from  existence  in  a  free  state.  It  is  a  matter  of  degree.  Some  orpat 
isms  capable  of  a  free  existence  are  occasionally  pam^ilic.  sotnt  s^ 
constantly  parasitic  for  a  portion,  at  least,  of  their  lives  ;  soiiie  (iLiki^ 
a  smaller  number)  pass  the  whole  of  their  life  within  the  btnly  ofttei 
host. 

Hence  we  distinguish  between  ocf^athnnl  paratitf*  or  ci.«*J 
visitants,  and  rtf/uhr  fKiraftitrs,  which  are  tjo  either  througli  tktf 
whole  life  or  for  a  certain  period. 

The  distinction  in  the  case  of  animals  is  obvious,  and  then  i 
d<»iil)lk'ss  the  same  distindion  to  be  drawn  in  the  case  of  ]^V^ 
though  our  knowledge  of  the  life-liistory  of  the  latter  in  Dot  jit 
so  complete. 

In  the  animal  forms  certsiin  broad  differences  of  structure  iwj 
be  traced  between  the  occnsional  and  the  regular  parasitcs^.  TW 
former  must,  for  obvious  reasons,  be  provided  with  organs  of  iocoo^ 
tion  to  convey  them  from  one  habitat  to  another,  while  in  ikt 
latter  class  organs  of  locumotion  arc  either  wanting  or  iiuperfecth 
(leveloped,  since  they  are,  as  a  rule,  ursHtle.  They  are  hence.  9p««k- 
ing  broadly,  less  highly  organized  than  tl>e  former  class.  In  cotofH^ 
.nation  for  this  want,  the  sessile  para-sites  are  generally  furnished  wilk 
organs  of  prehension. 

Comparison  of  Parasites  with  rree-living  Animals. — It  ww  at 
one  time  thought,  and  the  notion  was  a  very  natural  one,  (hat  rmnuitif 
animals  belonged  to  specit^  also  found  in  theout^sido  world;  tb«t  i»U»* 
tinal  worms  or  eniozoa,  for  instance,  were  merely  worms  of  tlin  mil* 
or  earth  which  lived  in   the  human  body.     But  cari  *"  '      '  urn 

soon  showed  that  the  species  were  different,  and  that  in  :•« 
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"Were  .IS  incir[i!il>le  of  living  sin   inilrpriuleiit    life  oulsiiie  iis  an   «ir- 
jrcatbing  anncli*]  of  liviiiji  in  tiit 


bowels 


Nevortlieless.  certain  affinities 


utuati 
mav  be  traced  between  certain  para- 
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ites  and  certain   cxtcrnul    forms — tor  instance,  hetweeu   parasites  of 
tbe  aliniL'irtarv  ctmiil,  introduced  with  fuod,  and  other  species  of  worms 


th 


the  food  of  the 


iving  in  ttie  water  or  anion;.'  tfie  herujige  constituting  the  lood  of 
Li«hef  animals  whicli  lodge  the  parasite. 

If  the  parasitic  animals  be  compared  ^ith  those  which  are  their 
'arest  ailies,  it  will  he  seen  that,  with  a  considerable  amount  of 
emLhince,  there  are  cerlain  genenil  differences  which  serve  to  show 
I  the  animals  iirc  adapted  for  a  parasitic  life.  These  differences 
stitute  the  general  Saw  of  jmrasiti.sm  from  u  natural  history  jwiiit 
view,  and  are  well  worth  con.sideration. 

Parasitism  involves  a  certain  inferiority  of  organization,  which,  if 
e  non-parasitic  forms  be  regarded  as  the  original  or  early  types, 
ust  be  regarded  a»  a  degeneration. 

Thi.s  degeneration  i.*  ejipecially  »een  in  certain  systenia;  first  of  all, 
the  digi'Htive  xt/fifini. 

Parasites  naturally  do  not  require  organs  for  seizing  and  dividing 
eir  food,  which  i.s  supplied  to  them  without  any  effort  on  their  part, 
a  minutely  dlividcd  or  dissolved  form. 

Some  of  them  have  suctorial  organs,  but  even  tliese  are  wanting  in 
my  internal  parasites.  Tapeworms,  for  in.stance,  absorlt  their  food 
endosmosiii  through  the  body-wall  without  any  mouth  at  all. 
Further,  the  organs  for  digestion  and  assimilation  of  food  are  very 
pie  or  wholly  absent.  Many  intestinal  worms  have  a  simple 
aight  intestine,  but  in  the  tapeworms  even  this  is  wanting.  They 
;  apparently  able  to  apply  the  peptones  and  already  digesteil  foods 
the  alimentary  canal  to  their  '  utrition  without  any  further  digestion. 
In  .some  parasite--^  an  equally  marked  sini[)lifieatiot)  is  seen  in  the 
re.spiratory  .sy.steui,  if  compared  to  that  of  the  higher  air-breathing 
forms  tu  which  they  are  allied.  The  Acanis  seabiei,  or  itch-niite,  for 
instance,  though  an  air-breathing  animal,  abeorbs  the  o.vygen  it 
rerjuires  by  the  general  surface  of  its  body,  witlioul  any  of  the  respira- 
tory channel?^  which  in  other  arachnida  are  very  well  developed.  This 
roay  seem  an  exceptional  case.  Nevertheless,  the  allied  Acarus  folli- 
ciilonim  is  a  .ntill  more  remarkable  in.stance  of  all  the  degenerations 
chiiracteristic  of  jtara.sitism.  Its  feet  are  short  and  out  of  proportion 
to  the  length  of  its  body.  Its  geiieml  shape  is  wormlike;  it  has  no 
organs  of  respiration,  and  those  of  digestion  are  extremely  simple.  If 
compared  with  an  active,  free-living  mite  or  spider,  it  is  evidently  an 
animal  of  a  much  lower  type. 

The  locomotive  system  is  also  very  imperfectly  developed  in  inter- 
nal parasites.  Tliey  arc  boiTie  into  or  out  of  the  body  of  their  hosts 
mechanically,  and  when  in  the  body  are  mostly  sessile.  If  they  are 
transferred  from  one  part  of  the  body  to  anotJier,  it  is,  in  most  cases, 
by  wriggling  movements  which  do  not  require  special  organs. 

The  organs  of  special  sense  are  also,  for  obvious  reasons,  often 
undeveloped  or  very  ill- (lev eloped  in  parasites. 
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Similar  Law  of  Vegetable  Parasites. — We  have  been  f^sb^ 
here  of  parasitic  iiuiinalH,  but  it  sliould  be  observetl  tb»t  tbenneiM- 
ilitions  of  parasihi;  lift-  tuny  be  traced,  to  some  extent,  io  Jvfiukf 
pnnisites  also.  Tbuy  txvv  not  only  plants  of  very  low  orgMttrak 
but  more  lowly  organizinl  than  those  free  species  which  seem  tiW 
tbeir  nearest  allies.  Tlie  ringworm  fungus  has  many  points  of  t««- 
blance  to  the  aerial  moulds,  but  has  a  remarkable  eimpHcity  oforpB- 
zation  as  compared  to  tliem.  The  parasitic  bacteria  are,  mtk  i* 
exceptions,  among  the  simplest  forms  of  the  genera  to  which  tWi 
respectively  belong;   while  the  micrococci  present  a  f  itf  »• 

phcity  of  orjianizatioii,  which  constitutes  the  great  dn  _    A  rhm- 

fying  and  distinirnisliing  species  that  are  evi(.lently  dirtiereni  intW 
phvsiolojiical  prujaTties. 

Economical  Advantages  of  a  Parasitic  Life. — From  what  bw  ha 
said,  it   will  be  evident  that  parasites    live  in    conditions  extrttTi-' 
favorable  to  nutrition.     They  are  kept  at   a   constant   and  rri.i;i 
high   temjieratnre,  which   is   maintained  without    anv  cort!iump(i<jiii<> 
their  own  material   or  food;  they  have  regular   supplies  of  fixxi,  i» 
the  most  part  a]rea<ly  digested,  in  the  form  of  peptones,  which  cmjIx 
assiraihited  with    little  waste.     Not  exercising    to  any  de^cc  IfKn-nf 
tion  or  other  active  function,  they  consume  no  material  and  wx-tr  :i 
energy.     Conse(|uently  nearly   the  whole   of  their   abundant  t'wii. 
applied  to  nutrition,  and  there  being  so  little  functional  wastr,  nnti; 
all  goes  to  growth.     Hence  the  growth  of  some  internal  jMinisilei»» 
fabulously  rapid  (if  the  production  of  eggs  be   taken   to  he  »»l<»t  ' 
really  is,  a  kind  of  growth),  and  the  living  material  of  their  l>"<lif-  * 
probably  increased  and  multiplied  in  a  higher  ratio   in  a  given  tin* 
than  is  the  ciuse  with  any  other  animals. 

Metamorphoses  of   Parasites. — Many   parasites    belong   to  ttw» 
classes  of   animals   which   undergo  mtirkecl  changes   of    form    \vb^tr 
arriving  at  maturity.     Those  are  either  transformations,  such  as  ll><i« 
of  insects,  in  which  the  iudivi<ilual  passes  through  several  -':.-■  '  '  • 
attaining  sexual  maturity,  or  else  the  more   complex    ft; 
"alternation  of  generations,"  which  consists  in  an  iilternution  i-!  i^ 
modes  of  reproduction — that  by  gemmation  or  budding,  which  pn- 
duces  a  "  colony  "  of  tnore  or  less  imperfect  individuals  ;  and  iha:  \n 
sexual  union,  producing  eggs.     These  processes   involve    iol^rertin^ 
zoological  ((uestions,  but  are  only  imporUnt  here  in  so  far  thai  rar»- 
sites  which  pass  through  such   transformations  as  the-'     ,  ' 

their  different  stages,  for  i»arasitic  or  for  free  life   r. 
change  from  one  form  to  the  other  being  coincident  with  a  chiuiG 
the  habitat  of  the  parasite. 

No  tvfiical  parasite  goes  tbniugh  its  whole  life-history  in  one  lilarr. 
Supposing  it  to  start  with  a  free  life  outside  the  body  in  one  slacr  W 
develo|)nient.,  it  then  begins  another  stage  when  it  enters  the  hour  rf, 
its  host.  After  passing  through  this  stage  ns  a  parasite,  it 
returns  to  free  life  again,  thus  coujiileting  the  circle.  In  roaoT 
the  parasitic  life  is  divided  into  tAvo  stages,  which  tnay  be  gone  llir 

two  dift'ereut  hosts,  or,  less  commonly,  in   two  p»rt<   '>f  'I'" 


iost.  Wlieii  two  aniuiitls  lotlj.'L'  tin-  parasite  successively,  tliat  which 
loilges  the  imperiwt  or  larval  form  is  called  the  '•  internu-diate  hdst." 
The  jjaraHite  does  not  live  on  in  the  enme  stage  of  its  existence  in  the 
two  hosts,  but  in  one  it  is  an  imjierfect  or  juvenile  fomi,  in  the  other 
in  the  mature  form. 

Thus  tlie  two  stages  of  development  of  a  taj>eivorm,  tho  eystii*  and 
cestoiti  turms,  are  jrone  throu^^ii  in  two  distinct  hosts.  It  is  possible, 
though  not  common,  for  two  individuals  of  the  same  species  to  act  as 
the  two  hosts  successively  of  u  parasite.  Thisir*  the  case  with  trichina 
spiralis. 

Limitation  of  Faraaites  to  Certain  Species. — Parasites  cannot  live 
indiflerently  in  various  specie."*  of  animals,  even  though  the  conditions 
ran}'  seem  to  be  the  same  or  similar  in  all.  .Srrmc  are  confined  to  one 
host.  This  i.s  apparently  the  case  among  human  parasites  with  Both- 
rh'-ephahi^  latit)*,  or  the  broail  tapcwurm,  OTifuri»  vernricuJarisi^  the 
common  thi-eadwonu,  and  with  the  head-louse,  which  species  are  not 
known  to  occur  in  or  on  any  other  animals.  Probably  this  is  true  of 
others  also. 

In  some  cases  the  parasite  infests  allied  species,  as  the  little  tape- 
wonn  (TcEnia  ^r/njirt'T/fVf/s),  peculiar  to  the  dog  and  w*df,  and  the 
TiFfu'a  tnedioottrifUaln,  which  in  its  cystic  state  is  found  in  various 
kinds  of  homed  cattle,  while  the  allied  species,  Taenia  solium,  aflects 
the  pig. 

There  are  some  parasitic  species  of  wliieh  the  range  is  much  wider. 
Thus  the  common  fluke  of  sheep  (Diatoma  hepatiriim)  is  found,  not 
only  in  that  species,  but  in  most  ruminanLs,  in  pachydertiis,  in  horses 
an<i  in  rodents,  as  weM  as,  rarely,  in  man.  The  trichina  spiralis  is 
still  more  universal  in  its  distribution,  being  found  not  only  in  its 
most  frequent  host,  the  pig,  but  in  various  herbivorous  animals,  as  the 
rabbit,  ox,  and  horse ;  also  in  carnivora — the  fo.v,  dog,  eat ;  and  even 
—what  is  rare  for  a  manimalinn  parasite — in  birds. 

This  degree  of  indiftcrence,  is,  however,  mre:  generally  the  range 
of  parasites  is  limited  by  certain  laws,  to  which  there  are  few  e.xcep- 
tions ;  so  that  the  case  of  a  parasite  ''  going  wrong"  and  getting  into 
another  than  its  regular  host,  seldom  happens. 

The  chief  law  which  regulates  this  distribution  is  that  of  food. 
Many  parasites  enter  the  body  of  their  hosts  with  foofl  or  water,  and 
hence  can  only  infect  those  which  live  on  a  similar  diet.  But  even 
among  these  many  pos.sess  an  immnnity  against  certain  parasites. 
Horses,  for  instance,  do  not  usually  get  tlie  same  as  cattle,  though 
feeding  on  the  same  land. 

Other  species  have  acquired  the  habit  of  fixing  themselves  in  such 
ft  part  of  one  animal  as  serves  for  food  to  another,  for  insUince,  the 
muscles  and  tlie  liver.  Hence,  such  will  be  found  in  their  next  phase 
of  existence  only  in  carnivorous  animals.  Speaking  broadly,  the 
parasites  of  flesh-eaters  and  grass-feeders  can  be  distinguished.  Man, 
through  his  omnivorous  diet,  is  liable  to  be  infe.sted  by  both  classes. 

In  consequence  of  these  food-relations  many  parasites  are  entireh' 
dependent  for  their  existence  upon  the  mutual  relations  of  two  higher 
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animals,  for  instance,  man  and  some  otlier.       If  man  did  not  W 
ubout  him  domestic  animals,  use  some  of  them    for   food,  aiui  '.i 
with  some  the  same  water  and  the  same  food,  the  life-history  ni  ti)» 
worms  couhl  not  be  completed. 

The  iulaptation  of  parasites  to  the  conditions  of  life  of  their  kia 
is  astonishing.  Take  one  instance  from  another  than  a  hiun&n  |t» 
site.  There  is  a  little  worm  belonging  to  the  genus  biennis,  irijd* 
often  found  in  immense  numbers  on  moist  earth,  esjteciallv  afi<r  a> 
80  as  to  give  rise  to  the  story  of  womts  falling  with  the  rain  frmit 
sky.  Tlie  sudden  abundanre  of  the  little  worms  has,  howet er.  ka 
shown  to  be  due  to  tlieir  having  escjiped  from  the  hoUios  of  ynafii 
inscets  (flies  or  mulh)  in  which  they  were  parasitic  ;  and  th«  objrt 
their  escape  is  to  deposit  their  eggs  in  the  ground. 

In  the  ground  the  eggs  rest  during  the  winter  along  with  At  ijj 
of  their  insect  host.  In  the  spring  both  broods  are  siroultAOccrr* 
hatched  ;  and  the  embryos  of  rnermis  at  once  proceed  to  pewtn 
the  b<tdies  of  the  young  insect  larvic  which  are  hatched  at  th<  «£ 
time.  Tlie  parasite  remains  in  the  body  of  the  insect  through  all  t> 
tninsfnrniHtions  of  the  latter,  till  at  length,  in  the  perfect  itxsw  * 
imago,  the  little  menuis  is  carried  about  to  some  damp  situati):>n  «^ 
the  insect  chooses  for  laying  its  eggs,  and  where  the  wonn  Hso  Iti 
a  suitable  nidus. 

Another  worm,  Gordius,  which  lives  in    water,  penetrates  ji^"' 
insert  larvfe  in  the  same  way,  and  the  cndjrvos  of  both  worn 
been  seen  to  penetrate  the  larvju  of  moths  ana  ephemersD  rcsp;.!.!.   ; 
with  which  they  were  experimentally  brought  in  contact. 

The  importance  of  these  instincts  in  the  life-historv  of  the  parwiw 
is  as  follows.  The  shaltaw  pools  or  marshy  places  which  nri-  ilw 
natural  habitat  are  very  liable  to  dry  up,  and  in  liiis  case  th<  -^ 
would  <lie,  or  their  embryos  would  be  unable  to  develop.  Bn;  ;  ■  . 
advantage  of  the  instincts  and  superior  powers  of  |ncotaoti<M>  >^ 
winged  insects,  they  get  themselves  transported  to  other  p»>b  * 
damp  places. 

To  enlarge  upon  this  subject  would  be  out   of  place    here: 
life-history  of  most  parasites  shnvvs  that  the  parasitic  habit  «> 
the  H[iecips  an  ailvantage  over  otlu-i   allied   noii-parasitic    spn 
tlius,  on  Darwin's  principles,  would  account  for  tlie  origin  of  ; 
species. 

The  history  of  the  Filaria  sanguinis  homiuis.  as  told  bv  Man.<«oa,  i> 
a  no  less  remarkable  instance  of  ailajitation.     This  little  worm afff* 
to  pass,  by  means  of  driuking-Avater,  into  the    human    in' 
embryos,  by  means  to  be  afterward  described,   emigrato 
the  lymphatics  and  into  the  blood,  which  contains  incredible  ; 
of  them. 

If  the  little  creature  ha<l  no  tnenns  of  getting  out  of  the  blood  iato 
the  water  where  its  parent  lived,  and  where  it  can  comi  ' 
metit.  the  species  would  come  to  an  end.     But  an  inter 
host  is  su|»])lie<l.  in   the  shape  of  the  blood-sucking    tn'tK<iuito.  ntJK*, 
as  is  well  known,  visit.**  the  human  skin  mostly  in  the  eMiiirn'       h,mnr 
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ilavlime  the  blood  of.  t!ie  pei'fon  affected  with  filariee  contains 
embrytts,  but  sis  evening  njiproaelies.  tire  blood  swarms  with  them, 
escaped,  it  would  seem,  from  tlie  lyrtiphiilicH.  where  they  harbor  dtiriug 
the  day.  So  numerous  are  they  that  the  tiny  drop  of  bltKHl  drawn  liy 
the  blfMjd-sufker  must  contain  some  of  them.  When  the  fenmle  mos- 
quito (for  proj.'iuint  foiiisiles  nre  tl)e  chief,  if  not  only,  blood-jjuekers) 
has  finished  her  meal  she  retires  to  the  surfiiee  of  the  wuter,  where 
instineL  jiroiupts  her  to  lay  her  ejrgs.  Having  done  so,  like  wnue  other 
insects  in  tlie  same  cireunistiinces.  she  dies,  and  the  erabiyonic  filnriae 
are,  by  decomposition,  set  free  in  the  element  whence  their  parents 
came.  Here  we  see  t!iat  the  blood-parasite  adapts  itself,  not  only  to 
the  conditions  of  its  human  host,  but  to  tlie  nocturnal  habits  of  the 
intermediiite  host,  itself  an  oceasionfd  parasite  of  man. 

Part  of  the  Body  Affected  by  Parasites. — The  djf-tribution  of  para- 
sites in  the  body  i»  not  a  matter  of  iniliflereiice,  8i>me.  as  hns  been 
said  (known  as  Eetozoa),  live  on  the  skin,  and  often  in  special  parts 
of  it  only  ;  some  being  confineil  to  the  hair  of  the  head,  some  to  the 
short  hairs  on  the  pubes  or  other  parts  of  the  body.  Internal  para- 
sites or  entiisoa  show  considerable  variety  in  their  distribution.  Many 
species  ran  only  live  in  the  intestinal  canal,  ami  affect  generally  one 
part  of  it  rather  than  another.  There  are  others  belonginjr  to  the 
blood  and  lymph.  Those  which  live  in  solid  organs  have  a  more  varied 
distribution,  as  hydatids,  which,  though  genendly  found  in  the  liver, 
are  found  in  other  situations  also.  Those  which  belong  to  muscle  and 
connective  tissue,  such  as  cystic  pariLsites,  have  a  eonsiderably  wider 
range,  as  wilS  appear  in  describing  the  different  species. 

In  the  case  of  those  parasites  which  go  through  several  changes  of 
form,  it  very  geueially  tmp[K'iis  that  each  ftu*ru  has  its  babitJit  in  some 
particular  tissue;  e.  (f..  tape-worms  itt  the  intestine,  their  cystic  forms 
in  the  tissues,  and  for  the  most  part  when  changing  their  host  they 
pass  into  another  phase  of  existence  and  also  into  a  different  part  of 
the  body. 

Less  commonly,  parasites,  in  changing  their  form,  pass  from  one 
part  to  another  of  the  body  nf  the  saino  individuul. 

Productiveneas  of  Parasites. — The  reproduction  of  these  animals 
nearly  always  takes  place  during  their  parasitic  life.  Even  those 
which  pass  a  portion  of  their  life  in  a  free  .state  rarely  or  never  produce 
ova  in  tiiat  condition. 

In  fact,  the  conditions  of  parasitic  life,  where  food  is  very  abundant 
and  early  assimilated,  are  very  favorable  to  reproduction,  and  hence 
we  find  that  the  fertility  of  parasites  is  very  great  imleed.  The 
entojtoa  produce  enormous  numbers  of  eggs.  For  instance,  one  ripe 
joint  of  Tienia  solium  is  estimated  to  contain  '>3,000  eggs,  and  if  we 
8up}«)se  that  only  HOlt  such  joints  nre  cast  off  in  a  year  (though  some- 
times two  or  three  are  passed  daily)  the  annual  produce  in  eggs  will 
be  some  42,110(1,000.  The  round-worm  (Ascaris  lumbricoides)  is 
estimated  to  produce  in  the  year  some  <i4,0t)(),00n  eggs.  The  gigantic 
productiveness  of  these  creatiares  is  even  better  shown  if  we  consider 
the  actual  mass  of  material  thus  produced.     Though  the  egg  of  an 
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ascaris  is  extremely  minute,  its  diameter  being  represented  l'T»W» 
tieth  of  :i  millimetre,  tin-  total  weight  of  the   yearlv  produce  of  tp 
comes,  according  to  Leuckart,  to  a  mass  1740  times  that  of  th»"-— 
worm.     This  is  a  much  higher  fertility  even  tJjan  that  of  the^'ir- 
wliicli  produces  13'>  time?  her  own  weight  in  the  fonn  of  epjn. 

If  we  eom[iiire  it  with  the  cjtsc  of  our  own    spet^ies   we  find  tial» 
is  a  high  degruo  of  fortility  for  a  wntuari  to  j>roduce  one  child  »b*t 
ame  years.     This  reprt^^t-nt*  a  pro«luctioii   which  may  li.-  f  «i 

It.  of  the  body-weight;  so  that,  to  equal    the  f>-. 

-Ssoitis,  the  human  female  would  have  to  produce  about  i5,*J<»" , 
in  the  year,  or,  say,  seventy  daily. 

Til  is  fabulous  prodigality  of  rejiroductinn  wouhl  se>eu)  lo  iti'"'* 
enormous  waste;  but  really  the  number  of  eggs  does  not  apjwiriiV 
more  than  enough  to  continue  the  species,  since  the  nuuif>rr$  (*f  ?«v 
sites  do  not  apparently  increa.se.  The  chances  against  unv  egjj  rocs- 
ing  the  body  of  another  animal  where  it  can  develop,  mu^l  iLf«ie 
be  siome  millions  to  one. 

Tlie  sexually  niiiturc  state  in  which  eggs  are  produced  isoftrt^e 
has  been  -aid,  only  one  .«tage  in  the  life  of  a  p:irasite.  hut  this*  »!»!»• 
always  gone  through  in  the  body  of  its  host,  where  food  is  almD<W, 
not  in  a  free  state.  The  eggs  are,  on  tlie  other  hand,  genmLV 
developed  outside,  and  there  is  perhaps  no  instjince  known  nf  t!ir  ■;.• 
of  a  true  para.site  being  hatched,  and  the  embrvos  iTowin"  m  - 
8)ime  place  jus  the  parents.  At  all  events,  according  to  Leuckan, » 
truly  parasitic  intestinal  womi  goes  through  the  whole  of  its  life-lii'i'^ 
in  one  [ibife. 

Changes  Produced   by  Parasites  in  the   Org^anlam. Tht 

quences  ari-^ing  from  the  presence  of  parasite.'*  in  the  bolv  ol" :  > 
are  extremely  various,  depending  in  each  case   Uf>on   the  ratorroSifc 
parasite  itself  and  its  situation. 

Death  is  tuituriilly  an  infref|uent  result,  since  it  vruiild,  it  n»< 
cases,  be  opposed  to  the  law  of  self-preservation  on  the  part  J  ti« 
parasite,  that  it  ahouid  kill  its  host.  This  will  never  hnppeti  ank* 
the  death  of  the  host  is  a  neocs.<ary  link  in  the  life-hislorv  of  tW  raa- 
.site,  as  is  tlie  case,  for  instance,  with  the  common  livor-fli'ikes  of  *Wv^ 
These  ])aiiiHites  are  fatal  to  sheep  ;  and  tlie  carcasses,  if  al! 
woulil  be  under  initiiral  circumstances,  lo  lie  and  putret\ 
tuves,  iK-rtnit  the  escape  of  ilie  ilukes  into  the  grass  or  water  where  t^ 
have  to  undergo  their  furthei'  transfonnations. 

There  is  only  one  result  which  is  quite  general,  and  applia  taiil 
parasites  without  excepJion.  though  in  very  varvirig  degrees  <■'' 
taiice  :  that  is,  the  withdrawal  of  a  certain  amount  of  noarishui*  ^ 
since  the  parasite  never  becomes  food  for  his  host,  this  atuoant  !•  wt- 
nianently  lost.     The  loss  from  this  cause  is,  however,  generalh-  •'i"i» 
siderahle;  ami  it  ia  only  in  the  ca,se  of  comparatively  large  n 
worms  that  it  can  be  regarded  as  capable  of  estimation.      In  tiir- 
worm,  for  instance,  a  certain  amount  of  material  is  continoaJIv 
thrown  off  in  the  shape  of  ripe  joints,  all  of  which    have  b«eil' 
at  the  expense  of  the  human  body. 
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That  blood  parasites*,  such  as  those  iiicTitioiieil  above,  also  [iroduce 
some  general  constitutioual  disturbance  need  hardly  be  said,  but  with 
these  exceptions  the  symptoms  produced  by  animal  panisitcs  are 
local. 

Tlicse  local  or  orjiaiiic  tlihturl<atices  may  be  couiprised  under  the 
three  heads  of — iJestrurtinu.  Prcfisure.  and  Irritation. 

Material  Loss  Caused  by  ParasiteB. — It  is  calculated  by  Lcuckart 
tliat  the  broad  tape-worm  (Bothriuccplialus)  disehar;xea  in  the  course 
of  u  year  about  1-in  '^m.  or  4.]  ounces  of  rijie  joints.  Some  chemical 
change  or  metabolism  i.s  necessary  to  the  formtition  of  tissues;  this 
vouhi  involve  a  waste  of  three  or  four  times  that  anoount,  say  one 
pound — an  amount  obviouisly  insignificant.  The  common  beef  tape- 
•wortu,  he  calculates^  may  give  off  in  the  year  about  one  poiuid  of 
material  in  the  same  form,  involving  a  totjil  consumption  of  three  or 
four  pounds,  also  an  inconsiderable  quantity.  The  ujicaris,  or  round- 
worm, brings  forth,  according  to  the  same  authority,  an  annual  pro- 
luce  of  eggs  which  repre:icritH  a  hjss  of  about  three  ounces — a  very 
''Bmall  amount ;  hut  if  there  should  be  many  of  them  (suppose  one  hun- 
dred, thou^rh  this  is  a  very  rare  tx'currence)  then  the  above  amount 
multiplied  hy  one  hundred  would  give  liU  jioumls  annually,  or  nearly 
2  pounds  a  month  ;  a  lo.s8  which,  for  a  child,  would  not  be  incon- 
sidc  ruble. 

There  is  another  intestinal  parafiite  which,  though  insignificant  in 
itself,  occui-s  in  such  enormous  numbers  that  its  gmwth  and  uiultipli- 
cation  withdraw  a  notable  auiouni  of  material  from  the  body — the 
Jifntf'dolitin  sterforalh,  which  is  the  cause  of  the  ili.«.eju4e  called  Cochin 
China  diarrhoea,  ami  nf  which  one  hundred  thousand  may  be  dis- 
charged daily  from  the  liowels.  The  actual  weight  of  these,  minute  as 
they  are,  is  calculated  to  be  about  six  ounces  involving  a  loss  of  nutri- 
luent  to  the  patient  of  more  than  one  jiouud  daily,  from  which,  com- 
bined with  the  exhaustion  produced  by  the  accompanying  diarrhoea, 
ra}>id  emaciation  and  cachexia  result. 

A  still  more  evident  cause  of  cachexia  is  the  loss  of  blood  cau.sed  by 
some  internal  parasites.  Among  these  is  chiefly  to  be  noticed  the 
Ankylostoma  (Docijuiius)  duodeuale,  a  worm  which  lives  in  the  small 
intestine  and  sucks  bh>od  like  a  leech.  The  malady  produced  by  this, 
and  by  the  accompanying  intestinal  infiammation,  is  so  serious  as  to 
have  been  recognized  as  a  distinct  form  of  amiemia  (Egyptian  chlorosis), 
■which  is  sometimes  fatal. 

Other  blood  parasites,  the  Filaria  aanguinis  homkois,  and  the  Bil- 
harzia  (Distonia)  lurmatobia,  also  cause  hemorrhage  and  an^pmia. 

Speaking  generally,  these  grave  di.sturhances  of  nutrition,  as  a  con- 
sequence of  parasiiic  life,  are  rare,  anci  there  are  only  a  feAv  instances 
in  which  any  other  genend  disturbance,  such  asfi'Vt'r,  is  produced. 

The  latter  symptom,  however,  in  a  very  marked  form  results  from 
the  passage  to  tlie  muscles  and  other  parts,  i»f  immense  numbers  of  the 
embryonic  Trichina  spiralis,  so  that  the  resulting  disease,  serious  and 
sometimes  fatal,  has  received  the  name  of  Trichiniasis.  The  s]iecial 
symptoms  occur  when  the  parasites  leave  the  bowel. 
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Local  Lesions  Produced  by  Parasites. — Although  the  popular  con- 
ception of  an  internal  parasite  represents  it  as  eating  up  the  vitals  of 
its  victim,  actual  destruction  of  any  organ  is  rot  common.  The  most 
conspicuous  instance  is  one  outside  human  pathology,  in  the  common 
liver-fluke  (Distoma)  of  the  sheep— a  rare  visitor  in  man — which 
destroys  the  organ  in  which  it  takes  up  its  abode,  so  that  it  appears 
after  death  almost  liquefied,  and  great  numbers  of  sheep  die  from  this 
cause. 

Intestinal  worms  occasionally  perforate  the  coats  of  the  intestine  and 
pass  into  the  peritoneum  and  other  parts.  Hydatid  cysts  of  the  liver 
sometimes  cause  destructive  suppuration  of  the  organ. 

For  the  most  part  the  effect  on  the  organs  is  merely  that  of  passive 
pressure,  such  as  would  be  caused  by  any  other  foreign  body  or  tumor. 
Should  the  organ  be  one  as  delicate  as  the  brain  or  the  eye,  it  is  clear 
that,  even  from  this,  very  serious  consequences  may  result.  Large 
hydatid  cysts  of  the  liver  may  also  by  their  size  produce  serious 
results.  ' 

When  a  parasite  becomes  imbedded  in  the  tissues,  the  organism 
treats  it  as  a  foreign  body,  surrounds  it  with  a  capsule,  or,  under  cer- 
tain circumstances,  sets  up  suppuration,  which  may  have  the  effect  of 
causing  its  expulsion.  But  when  once  surrounded  by  a  capsule,  many 
kinds — for  instance,  the  cystic  parasites — may  remain  quiescent  for 
years,  or  even  till  they  are  set  free  by  the  death  of  their  host. 

Mechanical  irritation,  on  the  other  hand,  is  caused  by  parasites 
which  have  some  power  of  movement,  such  as  entozoa,  in  the  alimen- 
tary canal ;  or  still  more  by  those  which  pass  from  one  organ  to 
another.  Reflex  disturbances  of  the  nervous  system  are  often  thus  set 
up,  which  will  be  noticed  in  speaking  of  the  different  species. 


CIIAPTEK    XLI. 

ANIMAL  TARASITES. 
These  belong  to  the  sub-kingdoms,  Protozoa,  Vermes  and  Arthro- 


PROT070A. 

The  simplest  known  forms  of  niiimal  parasites  belong  to  the  class 

Ihizopoda  find  genus  Annef*'!.     These    are  minute   animals  with  a 

yly  coiuposcil  of  granular  protoplasm  containing  a  nucleus  and  con- 

ictile  vesiicles.     Their  form  is  very  variable,  hut  may  be  considered 

)liericnl  whfu  nt  rest.     Like  the  otiier  Rhizftpoda,  tJiey  put  out  prn- 

>p]jistitic  processes  ktiuwu  »»  Pseudo[HHi)ji,  »nd  this  is  one  meiins  liy 

rhk\i   tlit'ir  rlmnge  of  form  is  eflVite^l.     They  ulisorli  their  food  by 

lurrounding  :ind  ejielosing  il.  wiien  it  is  digested  within  their  body  and 

le  undigested  residue  expelled.      They  multiply  by  simple  division. 

These  simple  creatures  have  one  point  of  interest  in  respect  to  bis- 

>logy  and  pathology,  since  it  is  from  analogy  with  them  that  the  name 

aniit'boid  "  is  given  to  leucocytes  or  mobile  cells  of  higher  animals. 

These  elements,  as   has   been  already   [(Otnted  out,  alter  their  form, 

move  about  »tv\  absorb   foreign  bodies  much  in  the  same  way  as  the 

free-living  anit.Bbie. 

Amo-'biU  are  common  parasites  in  some  of  the  lower  animals,  such 
OS  insects,  and  are  occasionuUy  finind  in  higher  animals. 

One  species  only  Inis  been  observed  in  man,  called  Amceba  coU, 
and  this  was  only  iniee  seen  (by  LiJseb)  in  huge  numbers,  associated 
with  a  dysenteric  alTection  of  the  colon.  It  has  also  been  seen  in 
cases  of  ilysenfery  in  Egyyit. 

Its  size  is  from  ".<I2  to  0.035  mm.,  that  is,  '1\  to  4  times  the  diam- 
eter of  a  red  blood-disk. 

Wliether  these  creatures  have  any  pathological  importance  cannot 
be  said. 

Aniither  fnrtn  belongs  to  the  family  <  tregariiiidii'  and  genus  Co 
dium.  They  are  of  rinmdisli  or  mal  shape,  and  consist  of  protoplasm 
with  a  condensed  outer  layer,  without  any  organs  properly  so-called. 
Spores  are  formed  in  the  interior.  They  are  found  encapsuled  in  the 
internal  organs  of  several  species  of  animals,  especially  rabbits,  and 
have  very  rarely  been  fimnd  in  the  hiunan  subject,  in  the  intestines 
and  liver;  and  in  this  fbrm  have  been  called  Psornsperms. 

Oorcidium  ovit'orm<\  i\>u.ud  rarely  in  the  human  liver,  is  about  It. 033 
mm.  long  by  0.015  or  O.Oii  bi-oad.  According  to  Leuckart,  it  iives 
when  young  within  epithelial  celSs,  and  afterward  forms  a  capsule. 
They  are,  apparently,  of  no  pathological  importance  in  man,  but  are 
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destructive   to   ral)J>iti?.      Singular   oval    bo<lies,   discovor.-^  ' 
Kiiincy   in   the  muscles   of  pigs*,   and  called    Rainey's   • 
thought  tn  W  of  the  same  nature. 

Recently  Bollinger  has  put  forward  the  hypothesis  that  crrm 
peculiar  bodies,  somewhat  smaller  than  an  epidermic  wll,  (mii  t 
the  disease  called  moflugeuni  conta<jio»nm,  "which  fonns  little  fntr»-» 
of  the  skin,  are  gregarines:  but  this  is  not  proved.  I  have  tif»';  -■ 
niiy  nioveuieut  or  other  sign  of  life  in  these  bodies. 

The  identification  of  certain  minute  maiwes  found  on  tbchain,a 
some  countries,  with  gregarines,  is  f<tjll  more  uncertain. 

Infasoria,  a  higher  group  of  Protozoa,  occur  ii\  tli..  lumiiti  L.Sri 
certain  ciisi>s. 

The  fiiinily  Monadinu  have  a  simple  transparent    n.v.iv  w.n 
more  delicate  filaments  or  Jlatfella.     Many  species  liv*-  free  in  ^• 
manv  are  panisilic  in  various  animals. 

Cercomonaa  IntestinaliB  is  an  oval  infusorianr  itbout  gAg  of  a 
inch  in  length,  with  one  end  tapering  and  i>ointed.,  the  other  lw»i 
and  round,  with  a  long  tlagellum. 

It  is  found  in  the  intestine  in  chronic  diarrhoea  ;  sometime*  in  <riv 
entery  and  typhoid  fever.  It  is  said  to  be  especiallv  nl)nn<lAni  in  tl» 
mucous  covering  of  the  small  intestine  in  children  with  diarrtiTi 
Thnugli  more  abundant  the  mure  profuse  the  dinrrh«e«,  thrre  \$  rtvm 
to  think  that  this  is  ordy  because  the  mucous  secretion  fonD«  i «« 
able  habitat  for  the  aniuuilcule,  and  that  it  ii;  not  a  cause  of  (litoA 

Cercomonas  Urinarin*  was  found  by  Hassall  in  alkaliih 

Trichomonas  Vaginalis  is  found  in  the  mucus  of  the  ■    _ 
ctally  in   catjirrhal   conditions,  but    lia^  ju'obably  nothing   !•>  do  wiii 
causing  the  inttauimation. 

It  is  larger  tlian  the  last  mentjoited  species,  being;  about  yJ>^  of  u 
inch  in   length,  with  Hagella  one  to  three  in    number,  aou  also : 
minute  hatr-like  jtroccsses  which  resemble  cilia. 

A  true  ciliateil  infusorian,  the  I'aramcEcium  coli  (or  Balnntidin 
has  been  found  in  the  colon,  sometimes  in  very  large  nttu)bei>. 

It  occurs  also  in  the  intestines  of  swine,  biit  appeal's  to  he  looJ  a 
its  distribution,  having  been  more  often  found  in  Sw^dHri  tbnri  ~"^  •" 
other  country. 

Flagellated  InfiaBoria  in  the  Blood. — It  has  lon;.^  i>eeu  kn 
flagellate  infusoria  are  occasionally  found  in    the  blood  <>f  fr- • 
more  lately,  minute  animals  have  been  discovered  in  the  ' 
first  by  Lewis  in    India,  afterward  by   Trookshnnk  in    L-u  i 
appear  to  belong  to  the  class  Infusoria,  and  much  resemble  tlir  ffoni 
Trichomrjijas. 

Those  seen  by  Lewis  were  tapering  animalcules  about      "L    tm^ 
of  an  inch  in  length,  furnisheil  with  a  long  lash-like  r' 
tuui  as  long  as  the  body  itself  at  one  end.    They  were  ; 
animals.    Wittich  found  similar  organism.^  in  the  blood  of  the  Umbiw 
(Oricetu^  vitJifnru),  an  observation  confirmeil  by  Koch.      F^air-'^'*'-' 
organisms  ap})arently  similar  have  been  found  in  the  blood  i<r 
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sh,  viz.,  the  miitlfi.Hli  ami  the  Ueruiiin  carp.     lu  none  of  those  cjisea 
id  the  intusoriaii  appcfir  to  give  rise  to  any  morbid  syiiipt(jms. 
In  a  fatjvl  disease  of  horses,  mules,  and  camels  in   Intlia  known  iis 
surra,"    the   blood  of  the  affected  animab  was  found   by  Evans  to 
)Dtain   hirtre   numbers  of  a  siraihir  parasite,  which    rtppeanHl  during 
le  febrile  period  of  the  disease,  and  wn-s  wanting  when   the  fever 
ibsided. 
Crookshiink  has  lately  investigated  the  parasite  of  surra,  and  fin<ls 
the  somewhat  tapering  central  portion  or  body  of  the  parasite  to  be 
jDtinuous  at  one  end  with  a  whip-like  lash,  and  at  tlie  other  end  to 
Brminate  in  an  acutely  pointed  stiff  filament  or  spinelike  process." 

lie  has  also  found   an  intusorian    identical   in  fonu  in  the  blood  of 

ibout  twenty-five  per  cent,   of  common  brown  rats,  and  regarding  all 

lese  flagellated  organisms  as  probably  of  the  same  species,  suggests 

&r  it  the  name  of  Triehomoiut^  mtu/uinu.     Although  tlio  pamsite  of 

snrra  is  apjiarently  the  cause  of  the  disease,  Crookshank  remarks  that 

this  i:*  not  yet  positivi'ly  [imved.' 

Blood-parasites  in  Malaria. — A  remarkable  motile  body  h:is  been 
observed  in  the  blood  of  j>atieuts  suffering  from  ague  and  other  forms 
of  malarial  ilisease,  which  is  certainly  an  animal  parasite,  and  perhaps 
a  Hagellated  infusorinn,  but  more  probably  belongs  to  the  class  of 
^hfct'tozoii  {nv  fungus-aninudcules),  which  lie  on  the  conHnes  of  animal 
and  vegetable  life.  It  was  described  some  years  ago  by  Laveran  in 
Algiers,  and  though  his  observations  attracted  at  first  little  attention, 
they  have  iatelv  been  confirmed  bv  a  number  of  observers — e.  (j., 
Richard  in  France,  ilarchiafava  and  Oelli,  Golgi  and  otbeii"S  in  Italy, 
Councilman,  Sternberg,  Osier  and  others  in  America.  The  organiara 
in  question  has  been  calletl  Plan/itodiam  tualariae  by  Marchiafava  and 
Celli,  btjt  Osier,  who  regards  it,  perhaps  on  inadequate  grounds,  as 
an  iufusorian.  calls  it  IltvmatomomtH  saui/uiuas. 

Laveran  Ri-st  observed  witliin  tbc  red  blood-corpuacles  certain  small 
gi*an(t!iir  or  hyaline  masses,  usually  containing  pigment,  and  slmwing 
spontaneous  changes  of  form.  They  vary  in  size  from  one-fourth  to 
nearly  the  whole  diameter  of  a  blood-corpuscle.  They  are  evidently 
anuiboid  organisms  which  absorb  jiigraent  from  the  corpuscles,  so  that 
the  latter  are  often  ]ialer  than  usual,  and  are  sometimes  converted  into 
colorless  shells  (Osier).  They  have  never  been  observed  to  leave  the 
corpuscles,  and  are  only  rarely  observed  in  leucocytes.  In  some 
cases,  pure  hyaline  nuisses  containing  no  pigment  have  been  seen, 
which  some  consider  as  an  early  stage  of  the  pigmented  bodies,  othei"9 
as  something  entirely  different.  Hut  pigment  is  sometimes  absent, 
even  in  very  severe  cases  of  malaria.  These  organisms,  in  certain 
caries,  increii.se  in  size,  till  they  become  as  large  as  tbe  blood-corpuscles, 
from  which  they  then  escape  and  become  free.  After  this,  they 
undergo  aeguu'ntation^  and  break  up  into  a  number  of  small,  rouml 
bodies,  which  are  either  spores  or  young  individuals,  the  proce-ss  some- 


'  8«e  Crookahank,  Maniiul  ol'  Bactoriolugy, second  edition,  pagu  350,  fur  furtiier  refer- 
enc*. 
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what  reseuibliiifr  ^poro-fonnation  in  the  Gregarinitlie,  an*iotlK-rS(«w 
zoa.     This  development    occupies,  according   to    Golgi,  »  pcrsl  4 
three  dajs,  corro^pomling  to  a  quartan  ague  ;    but,  in  cuei  of  Urm.\ 
the  process  was  more  rapid. 

Beside  these  intracellular  forms,  others  are    found   fr- 
believed  to  be  stages  in  tlie  development  of  the  »atne  f-| 
kind  are  the  "crescents"  of   Laveran,  pigmented    en-      • - 
bodies,  larger  than   blood-corpuscles,  and    tnought     to 
encvstfd  form,  being  sometimes  found  of  a   suinller   »iv 
corjiusdes.     Annther  form  is  a  free  flagellattvl    orf^anism 
sorian  or  monad.     It  is  smaller  tlisn  a  blood-corpusrle,  :n 
with  one  to  four  flagella,  wliich  are  in  active  nuil    i-apid  tuotiou.    TV 
precise  connection  with  the  other  forms  has  not  yet  liccn  tnic««il«tit 
is  quite  iti  acconlance  with  analogy  that  this    siicttild    ho  one  U  lit 
stages  of  development  of  ihe  parasite. 

^mall.  free,  pigmented  bodies,  like  those  within  the  corpuadak av 
also  soniotiines  seen. 

Relations  of  the  Faxasite  to  Disease. — As  tci   tlic   relatjM^  ff  lU 
lunubers  of  these  organisms  to  the  paroxysms   of  ii;rue,  »i:i 
differ;  but  it  would  appear  that  they  are   more   nuni«M>)US  ti 
severe  the  disease.     Tlic  larger  <levelopmental    forms  whirb 
spores,  or  quusi-spores,  are  chietiy  found  during    the   [>«• 
disJippenr  in  the  intervening  periods,  but  tVie   iiitrncelliil.. 
constant.     In  aises  treated  with  quinine  all   the   pamRit<r«  divi|  |.t 
entirely  as  the  disease  is  cured.     Every  variety   t»f  tnalaruil  'hfv. 
acute  and  chronic,   including   ]>ernicious   mnlarial    fever,  shriri  ^ 
parasite. 

It  has  been  found  in  the  kidney,  spleen  and  liver  of  the  futd  tmm, 
and  Councilman  observed  it  in  the  capillaries  of  the  hrain  in  aatt  4 
fatal  mntarial  fever,  of  which  coma  was  a  marked  fefiture- 

As  to  the  question  wlit-ther  the  parasite  is  the  cause  of  tlte  diient, 
it  must  be  remarked  first,  that  we  have  here  a  parasite,  the  nrtmo 
of  which  in  the  lilo(id-coi])uscles  explains  some  of  the  most  laiiM 
features  of  malaria,  viy...  aiueinia  from  destruction  of  blu<Mi-c«>rii»<ia 
and  dejiusit  of  pigim-Jit  in  various  organs  (see  page  3f*l). 

The  periodicity  of  ague  alsu,  if  Golgi  is  right,  eorrestponiis  to  tb 
periodical  development  of  the  jiarasite.     The  constancy  of  ocrt:-r--— 
of  the  organism  in  the  blood  of  malarious  patients,  and   its  nh.- 
that  of  persons  healthy  or  otherwise  disease<l,  is   an    '.. 
ment  of  c«iinoidenc(\  and  is  strengthened!  by  the  taot    : 
curing  the  disease,  causes  the  parasite  t*»  disappear  from  the  li 

It  has  never  been  found  pos^iible  to  keep  the  or;;anisiu   ttlw-. 
from  the  bo^ly  and  test  its  morbific  action  by  introducing  it  iato^ 
blood  of  another  indiviilual.     Rut,  a.s  has  been   mentioneiL  the 
of  ague  patients  containing  these  parasites  has    been  fouml 
mentally  to  convey  ague  to  healthy  peisons.' 

ie«»e  Laventn,  Tmitf  ilc«  fifvres   pMlustn-s,  Pa^i^lSB4:  Kti'l    f^r  itiUrr  r«frp 
Bimmifi»rt*Mr».Iulir«-«tH«rieht  ilher  MikMurgnnismeu  for  li*S6  auti  Im^t  «]«,,  fwirr  Ttni 
Med.  .loumal,  18ST,  vol.  i.  p.  5.19. 
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Tlie  wuriiis  funiii-h  a  much  more  im- 
poituut  group  of  paia sites.  The\'  are 
vliat  arc  gt'ncrully  kuuwii  a^  eutozi>a. 

Three  orders  incUuk'  speiries  which  lire 
panu<ilic  in  the  human  body,  viz.,  Ncma- 
toik,  Tretuatodrt,  Ccstoda. 

Th<!  Ni'ijijitoda  are  a  numerous  i^roup, 
some  *jf  which  are  parasitic  in  man  or 
otlit-r  animals,  some  lead  an  irnlependeut 
life. 

The  Nematode  parasites  which  will  be 
here  described^  are  r 

Ascaris  lumhricoides  ;  A.  mystax  :  Cxy- 
uris  veniiioulariH  ;  I'riehnrephidus  dispar; 
Ankvlnstuma  duodt-nale  :  Tridiina  spi- 
ralis; Fihiria  ijutiguinis  Imiiiinis  :  Filaria 
niedinensis. 

All  these  worms  are  simple — that  Is, 
tbey  do  not  form  compound  zooids  or 
colonies ;  they  undergo  no  transforma- 
tions between  the  ei;g  and  the  adult  state; 
the  flexes  are  distinct,  and  tljere  is  usuidly 
u  marked  disparity  between  the  iiiak!  and 
the  female.  They  have  distinct  digestive 
organs,  wliich,  as  well  as  the  generative 
organs,  are  loosely  .suspended  in  a  ]iGri- 
visotTal  cavity. 

Ascaris  Lambricoides ;  Round-worm. 
— A  siiiiiofh,  llesh-colored  nr  pah-  brown 
worm,  which  has  its  npecific  name  from 
its*  likeness  to  the  common  earth-worm. 
Both  oud.s  tiiper,  but  especially  the  poste- 
rior. At  the  anterior  cxtreuiily  i-s  a  mouth 
with  throe  papilhu.  The  female  measures 
ten  to  tbtirteen  inches  long,  and  a  <puuter 
of  an  inch  in  thickness.  The  male  is  four 
to  six  inches  long,  and  more  slender  than 
tlie  female.  The  male  has  a  curved  tail 
furnished  with  a  penis  witli  two  booklets. 
Tlie  femtde  has  a  genital  orifice  in  the 
anterior  half  of  tlie  body.  The  ovaries 
arc  very  complicatetl.  consisting  of  two 
tortuou.s  tubes,  which,  when  unravelled, 
are  each  abr>ut  four  feet  long,  an<l  con- 
tain enormous  n«mber.s  of  eggs.  Sometimes  only  one  worm  occurs, 
sometimes  two  or  three,  rarely  large  numbers,  up  to  some  hundreds. 
Their   proper  habitat  is   the  ileum,  but  they  may  migrate  into  the 
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sto!U!icli,  him]  thus  to  the  nmutli  ai'  nose;  also  into  the  colon  and  out 
through  the  anus.  Less  uouiinonly  they  perforate  the  wall  of  the  in- 
testine, paM.sing  into  the  peritoneum  or  surrounding  tissues,  sometimes 
producing  abi<ces3. 

The  eirt^s  are  discharged  in  great  iiunihers  per  anuni.  They  require 
sevenil  inonths  to  come  to  miituritw  They  probablv  enter  the  human 
body  with  drinking  water  a.s  small  eud>ryos,  but  their  life-irMtory  is 
not  fully  known. 

Symptoms. — The  presence  of  one  or  a  few  round-worms  produce.* 
no  recognizable  i<yuiptouis,  and  the  diagnosis  is  generally  made  only 
on  treeing  the  worm.  When  in  large  numbers  they  are  said  to  cause 
colic,  con.xti|ialion  or  diarrhiea,  vomiting,  and  also  symptoms  of 
nervous  irritation  ;  in  childn'Ti,  men  convulsions. 

AscariB  mystax,  the  small  round-worm  of  the 
cat,  has  in  a  ft'W  cases  been  found  in  the  human 
bo<ly  (Cobhold). 

Oxyuris  vermicularis  ;  Thread-worm. — Is  eome- 
wliat  tike  the  Asearis  in  shiipc.  but  very  9ma1l,  the 
male  tnenstiring  one-sixth  of  an  inch  in  length;  the 
female,  one-third  or  two-fiftli?  of  an  inch.  The 
body  of  the  female  tapers  posteriorly  to  a  point ; 
that  of  the  male  is  blunter  and  often  bears  a  spine. 
The  mouth  has  three  pajjillie.  The  arrangement  of 
the  genital  organs  is  like  that  in  Ascaris.  The 
^^gs  are  oblong,  somewhat  irregular  in  shnpe. 
They  are  discharged  in  great  numbers,  and  arc 
probably,  in  the  case  of  children,  sometimes  Rcoi- 
dentally  conveyed  away  by  the  finger-nails,  and  reintroduced  into  the 
mouth,  which  e.\{)!aiiis  the  persistence  of  die  j>arasite.  It  is  supposed 
that  the  worm  is  actpiired  by  eating  uncooked  fruit;  but  water  is  a 
more  probable  vehicle  for  its  introdiu-tioii  into  the  human  body. 

These  worms  are  usually  present  in  very  large  numbens,  atid  are 
common  in  children.  Their  habitat  is  tlie  large  intestine ;  and  it  is 
said  chiefly  the  ctvcum ;  but  they  often  pass  to  tlve  rectum,  whei*e  they 
excite  great  irritation,  and  soraetiuies  wander  to  the  outside,  and  may. 
in  female  children,  enter  the  vaginia.  Itching  is  also  felt  in  the  nose; 
and  by  reflex  irritation  cough  may  be  excited,  as  well  as  other  nervous 
Bympt<un3. 

Trichocephalus  Dispar. — Tliis  retniirkahle  little  worm  is  known  by 
having  the  anterior  two-thirds  of  its  body  much  smaller  than  the  rest, 
80  as  to  form  a  delicate  filiform  neck,  by  which  it  is  anchore*!  in  the 
mucu.H  of  the  bowel.  The  male  measures  one  and  a  half  inches  in  length; 
the  female  tvv(j  inches.  The  posteriorv  thicker  part  of  the  body  in  the  male 
is  curved,  and  has  a  penis  with  recurved  spines  at  its  ex  remity.  This 
part  of  the  body  in  the  female  is  straight;  the  genital  orifice  is  at  the 
junction  of  the  thicker  and  thinner  [larts.  The  eggs  are  -r^  to  about 
^-^  of  an  inch  in  (heir  longest  diameter  (Cobhold).  1  hey  develop 
only  out  of  the  body,  and  very  slowly,  six  months  at  least  being  re- 
quire<l  before  the  embryo  is  formed.     The  habitat  is  the  csecum  coli» 


o.xviiri-  VLrniii:H- 
itria  (ntittiral   «ire>. 
1,  fe?iiiili*;  2,  innle. 
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rtiei'e  the  parasite  is  soim'tiu»e.s  foiiiHl  in  great  numbers.    It  is  seldom 
^jpcliurirtMl  per  anum.     Though  Siiul  tu  be  very  common  in  Gerniany, 
lis  worm  is  certainly  not  often  met  with 

this  country.  It  appears  to  be  quite 
innocuous. 

Ankylostonia  Daodenale  ( Syu. :  Doch- 
uiius  duodenalts;  vStrnugyiu!*  iluol. : 
Scleroatoma  duod.) — A  round -worus 
about  one-third  of  an  inch  long,  the  te- 
male  s<mienhiit  more.  The  mouth  hiis 
four  unet||u;i]  ami  urisynuuetricnl  jiapilhe. 
The  reproduction  is  viviparon*  according 
to  Cobbohl. 

It  lives  in  the  duodenum,  or  beginning 
of  jejunum,  sometimes  in  very  large  nuui- 
bevs,  and  .suclcs  blood  from  tlie  small 
vessels,  liy  this,  and  by  sub.seipieiit 
henionhage  from  the  bite,  great  amvmia 
is  [iroduced,  coJistituting  the  di.'-ica.se 
known  us  Egyptian  chlun  .sis. 

The  worm  was  first  observeil  in  North 
Italy,  afterward  in  Egypt;  and  seem.s  to 
occur  also  in  .'^ome  tropical  countries,  «.</., 
Cayenne  and  Brazil.  Of  late  years  it 
has  ntti-ucted  attention  as  jittacking  wi»rk- 
meri  engaged  in  making  the  St.  Cioihard 
tunueh 

Trichina  Spiralis. — Th-gt'ription.  { Cob- 
bold).  A  luiniitt'  worm,  the  female  meu.s- 
uring  jlj  of  an  inch,  the  unde  about  y's 
when  mature;  body,  thread  like,  U!?ually 
somewhat  lient  upon  iL-Jelf,  rather  thicker 
befiiud  than  in  front;  head  pointed,  un- 
armed, with  a  !*imple  central  mouth. 
The  male  ha;*  a  -^ort  of  tail.  oom|>osfcl  uf 
two  lobu.H,  between  whicli  is  the  anus; 
the  penis  cunsi.st'^  of  a  siiigJ*-  V-j'liaped  .■'picule.  The  female  is;  stouter 
than  the  male,  rouuded  jjosteriorly,  the  genital  orifice  near  tJic  head. 
The  eggs  measure  pgV^  of  an  inch  in  their  long  diameter;  the  mode 
of  reproduction  is  ovo-viviparou.s.  the  eggs  being  hatched  within  the 
body  of  the  mother. 

The  adult  form  is  tiuind  in  the  intcfitine  of  various  animals  includ- 
ing man. 

The  Ifirvel  form,  much  more  often  seen,  is  found  in  the  muscles, 
and  generally  in  immense  numbers.  It  is  a  very  small  creature, 
about  ^  of  an  inch  long,  by  ^r^  to  --jL^  in  diameter,  witli  a  digestive 
apparatus  and  imperfectly  developed  sexual  organs.  It  is  usually 
found  coiled  up,  and  sometimes  enclosed  in  a  capsule,  sonjetimes  not ; 
tlie  larval  and  mature  formic  are  always  found  in  these  two  situations 


Oxyuris  vermioularie  (musnifik"''). 

a,  young  ff>m«le;  h,  mule:  f,  mu- 

ture  fetiiiil<5,  lull  of  egjjs. 
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respectively,  and  not  vice  versa,  a  fact  most    important 
miiiil. 

The  larval  form  wms  discovered  in  liuninii    mu>-i  ' 
Paget  (tlien  a  stfidont)  in  1H8.j.  and  desi'ribe<l  by  Pi 
was  afterwiird  uidi'lv   lerojiniztMl,  but  il5  connection   witii  tb^i 
inteatinul  woriu  was  nut  shown  till  twcntv  year?  latnt.  \>\  I,.Miii 


Triebocaplialu»  cli^ar  (natural  «ize). 
a,  femnle :  b,  male. 


\J. 


Fi.i.  HI. 


Triohocvplialus  di«p:ir 

(BRiaTOWK). 

a,  feniule ;  6,  mnlc ; 

C,  egg  (lUAgiiifieil). 


AnkyloKtomn  iltinileiidlo 

(iiutumi  sice). 


AnkrlostonM  4*^ 
I  111  Amidol.  aAcrl 

a.  r»Bmla;  i,mi 


The  life-history  by  which  these  forms  ai-e  connected  lias  bero 
tiiined  by  very  numerous  experiments  of  feetlinj*  aniuuili*  vrilli 
nous  Hesh.      Su[ipnse  a  piece  of  musele  containing  the  lar\*iil  tri 
to  come   into  the  digestive   organs  of  it  dog.  a   pig,  rat,  or  hut] 
animal,  to  which  it  may  be  given  experimentally.      If  killed  iyi.i 
afterwarl,  the  inte.stines  will  be  fotnul  to  contain  TnT 
ually  mature  worms.     In  an  anitiial  killed  after  six 
trichinie  are  seen  to  enclose  perfwtly  formed  and  free  einbrv 
interior.     These  pa.'j.s  out  througli  tho  genitul  orifice,  and  i*i 
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)egin  huiTOwing  tbrough  the  intestinal  wall  so  as  to  get  into  the  peri- 
toneum, pericardiiuti,  anil  ull  surioiiiKling  tisvsues ;  but  they  do  not 
permanently  rest  till  they  reach  vuluutavy  muscle.  They  may  affect 
all  muscles  ;  the  diaphrnpni.  and  nniscU'S  of  tti*'  neck,  pharynx,  and 
larynx  most  ahundaiitiy,  but  dit-  ht-urt  very  rarely.  Tliey  penetrate 
•within  the  sarcok'itimu.  cause  degeueralion  of  the  fibre  utid  surround- 
ing inlliimmiitiuti. 

In  ikbout  fourteen  days  they  attain  the  full  (larva!)  size,  after  this 
thev  heeoine  encapsulated,  a  proees.s  which  occupies  some  months. 
The  larval  worm  first  becomes  surrounded 
■with  a  cliitinous  investment  .«ecreted  by  itself: 
afterward  a  wall  of  fibrous  tissue  is  formed 
from  the  siiirounding  perimyi^iulu  which 
often  shiiws  adipose  tissue  at  each  end. 

The  capsule  undergoes  calcareous  infiltra- 
tion, and  »  small  hard  chalky  jiranuleis  ju*o- 
duced,  just  visible  to  the  naked  eye,  within 
•which,  if  eleare<l  up  by  acids,  the  coiled-uj) 
larvfe  may  fie  seen.  In  this  condition  the 
creature  censes  to  <rrow,  but  may  remain  in  a 
living,  thou^rh  a  quiescent,  state  for  years; 
but  many  die.  Before  its  encapsulation  it 
is  seen  with  difficulty. 

TricLime  in  muscle  are  sometimes  enor- 
mously nuinerrais:  one  ounce  of  muscle  lias 
been  calculated  to  contain  more  than  3UIJ,- 
000,  80  that  no  less  than  30,"iUU,0U0  tnight 
be  harbored  in  one  individuaL  Sometimes 
they  are  few  in  niitnlier. 

When  set  fVee  from  the  capsule,  after  the 
«leath  of  their  host  either  by  fiHtrefactiou  or 
digestion,  the  htrvie  may  live  in  water  for  a  month  or  more.  Hence, 
by  putrefaction  of  a  carcass,  they  may  get  into  drinking  water,  and 
thus  pass  into  the  st«.>mEtchs  of  herbivorous  as  well  as  carnivorous 
animals. 

The  full-grown  intestinal  trichinfe  live  only  a  few  weeks,  but  in  this 
time  each  female  may  have  given  birth  to  a  thousand  living  embryoa. 
They  soon  die  after  the  death  of  their  host. 

While  migrating  through  the  tissues,  the  embryos  produce  no  defi- 
nite symptoms  if  few  in  number ;  but  if  very  numerous,  a  febrile  con- 
dition is  .set  up  whicli  has  much  resemblance  to  typhoid  fever,  and 
has  doubtless  somotimes  been  mistaken  for  the  disease.  It  may  be 
fatal,  and  in  Germany  severe  and  destructive  epidemics  of  trii-hinoais 
have  been  prodtu;erl  by  eating  uncooked  ])ork  or  sausages  derived  from 
animals  infected  with  trichina'.  Isolated  cases  occur  in  this  country, 
but  no  such  epidemic  has  been  certainly  j>roved  to  exist  here;  though 
grou])s  of  suspicious  cjises  have  been  observetl. 

The  diagnosis  may  sometimes  be  made  by  removing  a  small  portion 
of  muscle  daring  life. 


Triobiun  cnc_vsted  iu  luusicle 
Had  fre«  (B8i8T<iireJ. 
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'rricliiiifi'  are  mostly  Lviiumou  in  pigs  raJs,  iiinl  mice,  and  are  fomm 
ill  (lie  huuiaiJi  boily  in  many  fouu tries  wlieie  tlio  Hcsli  of  pigs  is  eaten 

iiiiperfectly  cooked.  This  is  the  chief  nnd 
perhfips  the  only  means  l>y  which  they  iii- 
fect  niunkiiid, 

E.\perinient!illy,  it  is  found  that  most 
([Uadnipeds  and  even  some  hirds,  are  sus- 
eeptidh'  of  tnfuetion  by  eating  trichinous 
ilesh. 

Filaria  Sangxiinis  Hominis. — This  ex- 
traordinary anil  intrresiing  paraaite  occurs 
in  tropical  countries — China.  India,  etc  , 
and  also  in  Egy]it — and  has  been  seen  ll 
thi.s  country  in  persons  coming  from  tho9»^ 

JiiU'tS. 

It  is  known  in  the  embryonic  and  in  the 
mature  state,  the  former  being  found  in 
the  blood  and  urine;  the  latter  in  lympha- 
tics. 

The  mature  form  has  rarely  been  seen, 

,     ,      ...         ,,       ,  and,  as  in  the  case  of  trichina,  w.-ls   «lis- 

c,  neu<l,  with  moulJi  aihI  av«t-  '      ,  r         \  \ 

phag..^:  ft.  »nuH:  r.,  K«iuini     covcred  some  years  after  the  embryo. 

orgttnf.  The  adult  female  is  thus  described: 

"A  long,  slender,  hair-like  animal,  quite 
three  inches  in  length.  ^  l^-,  inch  in  brertdtb.  of  an  opalescent  appear- 
ance, looking  like  a  delicate  thread  of  catgut  iininiittcd  and  wriggling, 
A  narrow  atimeulary  canal  run.s  from  the  simple  chib-like  head  lo 
within  a  short  distance  of  the  t^iil,  the  remainder  of  the  body  being 
entirely  occupied  bj  reproductive  organs.  The  vagina  opens  near  the 
head  and  divith^s  into  two  uterine  horns,  which,  stuft'ed  with  embrvoa. 
in  all  stages  of  developnietit,  run  liackward  nearly  to  the  tail,  l*nd« 
the  microscope  fully  formed  embryos  can  be  .seen  escaping  from  the 
vagina.     The  luiinial  is  therefore  viviparous '"  (Manson). 

Fio.  \Kt. 


IW/ 


Muture  trichiuu  :<|iii'uli.^,  inugfii- 
fi«d  (CdXNiL  nn<\  Ua.xvikki. 


^y 


Kiliiriii  «ungiliniK  lioiiiiiii»--«iiilii yuiili'  fmiii     I^r.wisi. 


The  aibilt  worm  lives  in  lymphatic  ves.sels,  which  are  apparently 
always  dilated.  How  it  gets  there  is  not  clear,  but  it  is  ulmu<«t  crr- 
tainly  tlirough  drinking-water   that  it   enters  the  stomach  of  man  : 
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tliroiigli   tin;  walls,  anil  instinctively  makes  its  way  into  some 
ipliulic  strurtitres,  where  probably  the  iiiudi  smaller  male  l(jil;:es, 

)d  tlie  embryos  are  tliiis  iliHciiarged  nt  unee  into  t!ie  lyuipb-Biream  ; 
^here  uei<ier  certain  cireunistaiiees  they  pass  inlo  the  lilooil. 

The  enihi-yo  is  forttieil  from  an  e^i^.  in  which  it  is  coiled,  and  has 
the  peculiarity  of  not  burslinjL!;  the  chorJoii  or  egg-sac,  but  only 
sireteliing  it  lengthwise  when  it  uncoils  itself  for  active  life,  being  born 
in  it,  like  an  infant  born  with  a  caul,  The  ovum  coiled  up  in  its 
jeath  measures  about  ^^J-jj  X   yl^  of  an  inch. 

When  born  the  embryo  worm  is  ubout  ^\  inch  long   and  ^g^f  in 
"tliickness,  or  just  the  diameter  of  a  red  Idood-di.sk.     It  has  a  routjded 
head  and  a  tapering  tail.      Its  sheath  (vr  persistent  chorion  i.s  al)OUt 
one-third  longer,  and  trails  behinil  us  the  worm  moves 
forward,  being  loo.sely  attached.     The  embryo  under- 
goes no  further  develojiment  in  the  liuman  body. 

The  presence  of  embryonic  filari;e  in  the  blood  is 
subjcrt  tu  remarkable  diurnal  variatious. 

Generally  speaking,  none  i.s  to  be  found  in  the  blood 
drawn  during  the  <laytime;  about  six  in  the  evening 
they  begin  Ut  aj)pear.  and  grsulually  increase  till,  by 
rnidnight,  lUO  or  more  may  be  counted  in  evety  drop 
of  bltH>d.  They  then  become-  gradually  fewer,  till,  by 
eight  or  nine  A.  M.,  they  entirely  disappear,  and  none 
■will  now  be  found  until  next  evening. 

This  law  ha.s  been  found,  by  Dr.  Mackenzie,  to  be 
in  one  cai<e  altered,  and  even  revei-sed,  when  the 
patient  sat  up  all  night  and  slept  in  the  day.  It  is 
calcuhite^l  that  thirty  or  forty  millions  of  embryos 
may  be  prei<ent  in  the  blooii  at  otrce  ^Shere  they 
lodge  when  not  in  the  blood  is  not  clear,  but  probably 
ill  the  lymphatics. 

Dr.  Man.son  hn.s  .shown  that  this  periodicity  is  re- 
lated, in  an  extraordinary  manner,  to  the  visits  of  a 
species  of  mosquito,  which  sucks  and  carries  away 
blood  cont.'iining  fibiriye.  it  then  seeks  some  water, 
and  tleposits  its  eggs  (for  in  tliis  species  only  the 
female  mosipiito  sucks  bb><nl)  and  dies.  The  embryo 
filart.e  undergo  development  in  the  body  of  the  insect, 
and  when  set  free  in  the  water  soon  become  perfect 
filariie.  How  tliey  get  back  to  the  human  body  is  not 
proved,  but  most  likely  through  drinking-water.  It 
is  clear  that  a  single  |iair  or  one  gravid  female  will  be 
enough  to  proiluce  all  the  plienomena  above  described. 

Si/mptoius. — The  most  jirominent  .symptom  is  eby- 
luria,  the  mi.vture  of  chyle  with  urine.  Blood  is 
sometimes  jircsent  al.so.  Filarial  embryos  are  found  in  the  chylous 
urine,  and  are  iloubtless  the  cause  of  the  disease,  though  the  precise 
manner  in  which  chyle  gets  into  the  urine  is  obscure. 

The  condition  called  lymph-scrotum  or  neevoid  elephantiasis  (see  p. 


\3' 

Filuriii  <(in){uints 
homiiii:!  (Bkis- 
TowK,  BfterCoB- 

MII.D  . 

(I, mature  female 
(natural  lize);  b, 
uvuait  :•'  250. 
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2()7j  .'inti,  very  [ir<<h;(ljly,  ordinary  (librous)  L-lepltantiasis  of  scrotum  or 
legs,  are  due  to  the  presence  of  filaruv;.  These  diseases  depend  upon 
obstruction  of  Ijinphiitics,  witli  produL'tion  of  anastomoses;  which 
ohstriiction  is  caused,  accordinsj  to  Manson,  bv  the  filariic  in  the  foU 
lowing  way: 

If  an  embryo  is  born  coilc^d  up  in  its  sheath,  instead  of  being  ex- 
tended, it  Ims  (as  niuntiorie<l  above)  a  much  liirger  transverse  diameter, 
being  oval  or  spheroidal. 

Hence  it  will  be  unable  to  puiis  through  lymphatic  ghiu<ls,  and  tvjil 
block  the  lymph- vessels  like  an  embolus.  This  has  been  observed  by 
Manson,  who  regards  tlie  extrusion  of  ova  not  uncoiled  us  «  sort  of 
abortion  of  the  parent  worm.  Nearly  all  the  people  (in  China)  who 
have  lymph-scrotum  or  elephantiasis,  have  also  filantc  in  the  blood  at 
ni^ht. 

This  formidable  disease,  en<lemic  in  countries  where  the  filaria 
occurs,  may  therefore  with  much  probsibility  be  attributed  to  it,  though 
the  sporadic  cases  of  ele|ihantiasis  seen  in  Kuro]fe  must  have  another 
origin. 

Filaria  Medinensis ;  Guinea-woiin.  (Synoii. :  Dracunculus  niedi- 
nensis.) — A  worm  of  which  the  fettiale  only  is  known.  It  measurej*  one  to 
six  feet  in  length,  or  even  niore,aliout  one-tenth  of  an  inch  in  thickness  : 
body  uniformly  cylindrical,  with  a  curved  and  abrujttiy  tapering  tivil, 
and  a  rounded  head  iu  which  is  a  simple  central  mouth  surrounded 
by  four  equiiJistant  papillfc,  arranged  conically  antl  leading  into  a 
simple  intestinal  canal. 

The  uterus  occujiies  almost  the  entire  cavity  of  the  body,  and  is 
filled  with  young  filarise  which  are  born  alive.  No  one  has  been  able 
to  find  any  genital  orifice,  so  that  if  there  really  i.s  not  such  an  opening, 
the  young  must  escii|>e  only  by  rupture  of  the  liody  of  the  niotlicr.  or 
after  her  ileath. 

The  young  worm  is  about  ^^  inch  long,  and  -j-jViT  ^'^  2TjW  '" 
breadth.  It  has  been  shown  by  redschenko  that  it  lives  parasiticully 
in  an  intermediate  host,  some  species  of  cyclops,  u  small  fi'esh-water 
crustacean.  After  two  changes  of  form  it  becomes  mature  and  enters 
the  hutnan  body  by  the  digestive  organs  with  drinking  water. 
Whether  tlie  two  sexes  enter  enclosed  in  the  body  of  the  cyclops  and 
copulate  in  the  human  intestine,  or  whether  the  inipregnateil  female 
alone  enters  the  human  body,  is  not  known.  The  female,  after  im- 
pregnation, makes  her  way  through  tlie  tissues  to  the  skin,  osp««cially 
of  the  feet  and  legs,  as  being  the  parts  which  come  in  contact  with  the 
mud  or  water  where  the  young  worms  will  meet  with  their  interme- 
diate host.  W^hen  lodged  under  the  skin  it  grows  rapidly,  au<l  in 
about  a  year  attains  the  great  size  nieatione<l  above,  when  it  is  charged 
with  embryos  ready  to  go  through  the  same  cycle;  and  these  are  diS' 
charged  along  with  the  pus  of  the  abscess  which  the  parent  worm,  if 
left  ilone,  produces. 

As  is  well  known,  various  expedients  are  resorted  to,  to  extract  the 
worm  by  gentle  means  without  rupture,  since  if  it  be  broken,  a  multi- 
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tude  of  embryonic  worms  are  set  free,  which  irritate  the  surrounding 
tissues,  causing  severe  inflammation  (Davaine). 

This  worm  is  found  in  certain  parts  of  India,  on  the  banks  of  the 
Ganges ;  also  on  the  shores  of  the  Red  Sea,  the  Persian  Gulf,  and 
the  Caspian;  in  Upper  Egypt,  Abyssinia,  and  the  Guinea  Coast.  It 
is  especially  prevalent  after  heavy  rains  in  marshy  or  muddy  localities, 
in  ponds,  tanks,  etc. 

Trematoda  or  Flukes. — These  are  soft,  usually  flat  worms,  distin- 
guished by  possessing  certain  pores  or  suctorial  openings.  The 
intestinal  canal  has  only  an  oral,  not  an  anal  orifice.  They  do  not 
spend  their  whole  life  in  one  host,  but  partly  in  an  intermediate  host, 
in  intermediate  forms  called  sporocytti  and  redice,  and  partly  for  a 
time  in  a  larval  state,  called  cercance. 

The  cercarije  become  encyste<l  on  grass  or  other  plants,  and  in  that 
form  are  eaten  by  the  species  of  animal  which  was  their  original  host. 

Distoma  Hepaticum  or  Fasciola  Hepatica. — Liver  Fluke.  The 
mature  parasite  inhabits  the  livers  of  ruminants,  especially  of  sheep, 
and  very  rarely  of  man. 

It  is  a  flat,  ''leaf-shaped,"  brownish-yellow  creature,  which  when 
full-grown  is  an  inch  or  less  long,  by  one-half  an  inch  wide.  It  has 
two  suctorial  disks,  one  at  the  head,  in  the  centre  of  which  is  the 
mouth,  and  one  on  the  ventral  surface.  These  are  organs  of  locomo- 
tion and  adhesion.  The  geniUil  orifice  is  above  the  ventral  pore. 
The  organs  of  both  sexes  are  united  in  one  individual.  The  eggs  are 
relatively  large,  oval,  y^  inch  X  sj^  inch,  with  a  highly  refracting 
shell. 

The  egg  gives  exit  to  a  somewhat  conical,  ciliated,  free  swimming 
embryo.  The  intermediate  host  in  which  this  undergoes  development 
was  long  unknown,  but  has  now  been  found  to  be  a  fresh-water  snail, 
Liranreus  truncatulus.  The  embryo  fluke  penetrates  the  body  of  this 
snail  and  there  becomes  converted  into  a  "sporocyst."  Within  this 
are  formed  a  large  number  of  the  intermediate  forms,  called  redice, 
which  leave  the  sporocyst  and  find  their  way  to  the  liver  of  the  snail, 
on  which  they  feed. 

The  "  redise  "  reach  the  length  of  ^  inch,  and  within  each  of  them 
is  formed  one  of  the  tailed  larvfe  or  cercariae  wliich,  as  they  become 
mature,  leave  the  redipe,  pass  out  of  the  body  of  the  snail  and  attach 
themselves  to  the  stalks  of  water-plants  or  stems  of  grass  on  damp 
ground. 

Here  they  become  stationary  and  surround  themselves  with  cysts 
jj^  inch  in  diameter,  and  being  eaten  in  this  state  by  sheep  become 
liver-flukes  (A.  P.  Thomas). 

The  eggs  formed  within  the  body  of  the  parent  fluke  find  their  way 
into  water  or  on  to  grass  after  the  death  of  the  sheep  and  putrefaction 
of  its  carcass.  From  them  are  produced  the  ciliated  embryos  above 
mentioned. 

The  liver-fluke  is  very  common  and  destructive  in  sheep,  producing 
the  disease  called  the  "rot,"  from  Avhich  in  one  year (1879-'80)  three 
million  sheep  perished  in  the  United  Kingdom.     It  afllects  other  her- 
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bivorous  animals,  and  very  rarely,  man,  who  acquires  it  ihr.j«a 
eating  water-cresses  or  similar  plants.  It  lodges  chiefly  in  tbeliw 
and  causes  obstruction  of  the  bile-ducts.  In  man  it  has  somt:iK 
been  found  in  abscesses  under  the  skin. 

Distoma  (Fasciola)  lanceolatum  is  a  similar,  smaller  species. 

Bilharzia  Hsematobia  or  Distoma  HeematobiuiXL. — Bilharzia »!)"« 
important  differences  from  distoma.  The  sexes  are  separate,  aD<J  liife 
in  shape  and  size.  The  male  is  about  half  an  inch  long,  the  fmii! 
four-fifths  of  an  inch,  but  much  narrower,  being  thread-like  in  apftw 
ance.  The  male  has  a  cavity  called  the  gyneephoric  canal,  occapjiii 
the  hinder  part  of  its  body,  in  which  the  female  is  contained  daiaf 
copulation. 

The  eggs  are  oval  or  pear-shaped,  and  have  a  spine  eitho*  at  m 
end  or  at  the  side.  They  give  rise  to  ciliated  embryos  which  swii 
freely  in  water. 

The  mature  worm  is  a  blood-parasite,  affecting  men  and  monkra 
who  no  doubt  acquire  it  by  means  of  drinking  water.  It  is  fow 
only  in  the  blood  of  the  portal,  hemorrhoidal,  mesenteric,  and  ve»ia 
veins. 

Here  the  sexes  unite,  and  ova  are  produced  which  pass  through  i 
walls  of  the  bladder  and  of  the  colon.  Ova  with  terminal  spina  u 
found  in  the  former,  those  with  lateral  spines  in  the  latter. 

On  the  mucous  surfaces  of  these  tracts  inflammation  and  h«« 
rhage  are  set  up,  so  that  hsematuria  is  a  constant  and  generalW  \k 
most  important  symptom.  The  eggs  may  often  be  recognised  to  to 
urine  and  give  the  diagnosis  of  the  disease.  In  the  bladder  they « 
a  frequent  cause  of  calculus. 

A  kind  of  dysentery  results  from  the  irritation  of  the  ovainti 
colon.  By  both  these  channels  the  ova  pass  out  of  the  bodviai 
water  and  form  ciliated  larvae,  but  the  further  development  is  unknon 

This  parasite  is  extremely  common  in  Egypt,  where  half  the  fdli 
poi)ulation  are  said  to  suffer  from  it;  also  in  Abyssinia,  the  Cape.i» 
Natal,  where  it  gives  rise  to  endemic  hwmaturia. 

In  this  country  it  is  only  seen  in  patients  who  have  brought  it  fri 
Africa. 


CHAPTEK    XLII. 

CESTODA   OR   TAPE-AVORMS. 

Two  families  are  distinguished,  Teniadce  and  Bothriocephalidce. 

The  parasites  thus  called  possess  the  remarkable  property  of  exits- 
ing  in  two  very  distinct  forms,  namely,  as  a  compound  jointed  colony, 
called  a  "  worm,"  and  as  a  cystic  parasite.  The  forms  are  so  different 
that  for  a  long  time  the  connection  between  them  was  unsuspected. 
They  are,  however,  alternate  generations  of  the  same  animal.  The 
tape-worm,  by  sexual  reproduction,  produces  eggs  which  develop  into 
cysts  or  bladder-parasites,  and  the  latter,  by  gemmation,  produce 
larvae  or  scolices,  each  of  which  is  capable  of  developing  into  tape- 
worm. These  alternate  forms  do  not,  as  a  rule,  live  in  the  same 
animal.  The  tape-worms  live  in  the  intestines,  especially  of  carniv- 
orous animals,  while  the  cystic  parasites  are  found  in  the  flesh  or 
tissues  of  herbivorous  animals  which  serve  as  food  to  the  former  class. 

Man,  being  partly  herbivorous  and  partly  carnivorous,  has  the 
unfortunate  privilege  of  giving  lodgement  to  both  kind  of  parasites ; 
but  the  two  forms  of  the  same  parasite  are  hardly  ever  found  in  the 
same  body  at  the  same  time,  though  it  is  possible  for  the  one  to  be 
developed  out  of  the  other  without  passing  through  some  other  body. 
It  is  usual,  though  not  absolutely  essential,  for  the  two  animals  which 
successively  lodge  the  tape-worm  to  be  of  different  species. 

The  man  or  animal  in  whose  body  a  tape-worm  lives  is  called  his 
"host "  or  "bearer,"  and  if  there  is  any  other  animal  through  which 
the  parasite  has  to  pass  in  order  to  complete  its  development  before 
returning  to  the  original  host,  this  animal  is  called  the  "  intermediate 
host."  It  will  be  evident  from  the  history  of  certain  species  of  para- 
sites that  their  existence  depends  upon  the  relations  which  obtain 
between  man  and  the  domestic  animals.  Man  eats  the  flesh  of  pigs 
and  cattle  containing  bladder-parasites,  and  thus  acquires  tape-worm. 
On  the  other  hand,  he  takes  in  water  or  raw  vegetables  contaminated 
by  animals  infested  with  tape-worm,  and  thus  gets  the  cystic  parasites. 
If  man  were  the  only  kind  of  "  host "  available  for  the  latter  form,  the 
species  would  soon  become  extinct. 

A  complete  tape- worm  consists  of  a  so-called  "head"  and  seg- 
ments, or  proglottides.  The  former  structure  possesses  suckers,  or 
hooks,  by  which  it  attaches  itself  to  the  intestines  of  its  "  hosts,"  but 
has  no  digestive  organs  or  sexual  apparatus.  By  a  continual  process 
of  budding  it  forms  segments,  which  remain  attached  to  one  another 
and  thus  constitute  the  long  chain  called  tapeworm,  so  that  the  oldest 
or  ripest  segments  are  thus  farthest  from  the  head.  Each  segment 
■when  it  reaches  maturity  has  both  male  and  female  sexual  organs,  and 
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produces  eggs  bv  nnioii  witli  ariuthor  proglottis,  Wlien  tbe  eggs  arc 
innturfd  the  proglotti)*  (lro]ts  off  Kpontjineonsly  trum  the  compound 
worm  aud  is  then  ejected  from  tlie  hody  of  his  •■'  host."  No  pnrt  of 
the  tape-worm  contains  «m_v  digostive  orgsms,  the  absorption  of  food 
taking  place  apjiuretidy  by  the  general  surface.  The  development  of 
the  ova  takes  place  vvliile  (he  proglottis  is  still  within  the  body  of 
its  host,  so  thai  when  it  escapes,  or  when  it  is  ejected,  it  is  full  of 
active  euibryoos,  each  of  wljich  is,  however,  still  enclosed  in  the  mem- 
brane. By  the  decomposition  of  the  proglottis  the  euibryoea  are  set 
free  in  water  and  thus  have  an  opportunity  of  finding  their  way  into 
the  stomach  of  some  animal  drinking  the  water.  When  arrived  there 
the  enclosing  mtnihninc  is  dissolved  by  ihe  gastric  juice  and  the 
embryo  liberated.  It  at  once  attaches  itself  to  tlie  wftll  of  the  stomach 
or  intestine  and  penetrates  this  by  means  of  the  boring  apparatus' 
of  six  hooks  witli  which  it  is  provided.  It  probably  enters  the  circu- 
latory system  by  perforating  a  minute  vein,  and  is  then  carried  by  the 
blood  to  the  liver  or  some  distant  part  of  tbe  body,  or  else  may  puss 
directly  through  the  tissues.  Arrived  at  its  new  habitat  the  active, 
embryo  loses  its  hooks,  becomes  se.ssile  and  develojjs  into  a  cyst' 
or  bladder  called  cysticercus  or  hydatid,  as  tbe  case  may  be,  which  is 
very  much  larger  tlian  the  original  embryo.  After  a  time  a  bud 
appears  on  the  inner  side  of  the  cyst,  which  ultimately  develops  into  a 
scolex,  precisely  resembling  the  head  of  the  original  tape-wonn.  In 
the  case  of  the  hydatid  or  ecliinococcus-cyst  numerous  heads  are  pro- 
duced by  an  indirect  process,  wlticb  will  be  afterwards  described.  Now 
this  stage  of  development,  it  should  be  remembered,  occurs  within  the 
body  of  animals  such  as  oxen,  sheep  and  rabbits,  which  serve  as  food 
for  other  animals.  The  flesh  containing  these  bladder-parasites  is 
eaten  by  some  carnivorous  animal  or  by  man.  The  cyst  containing 
the  scolices  is  digested  in  the  stomach  and  the  little  animals  are 
set  free.  They  attach  ihemselves  to  tbe  intestinal  walls,  without  per- 
forating or  wounding  them,  and  each  becoities,  or  may  become,  the 
Lead  of  a  tape-worm.  Tbe  segments  of  iliis  tape-worm,  again,  pro- 
duce embryocs,  which,  when  ejected  from  tbe  bowels,  will  go  through 
the  cycle  already  described.  In  one  species  only  the  usual  or  normal 
mode  of  occurrence  in  the  bunian  botjy  is  the  cystic  form,  and  i)>c 
tape-worm  form  is  fonml  in  anollier  aninud — namely,  in  the  dog.  We 
must  now  .speak  of  tiie  diflVrent  species  which,  in  one  form  or  another, 
infest  ma!i. 

As  was  natural,  tbe  cystic  and  tape-worm  forms  were  originally 
regarded  as  rjuite  distinct  kinds  of  animals.  The  real  connection 
between  them,  liowever  suspected,  could  only  be  proved  by  e.xperi- 
ment.  Pigs  fed  with  proglottides  of  taenia  solium  develop  measles  in 
their  flesh.  Similarly  Leuekart  administered  proglottides  of  T. 
tiled iocanellata  to  calves,  which,  wlien  killed,  were  found  to  have  the 
cysticercus  of  this  species  in  their  muscles.  Kiicbenmeister  examined 
the  body  of  an  executed  criminal,  who,  two  or  three  days  before  his 
death,  had  eaten  measly  pork,  and  found  free  scolices  or  tape-worm- 
heads  in  the  intestine.     A  French  experimenter  even  succeeded  iu 
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developing  tape-worm  in  himselt'  by  eating  cysticerci  derived  from  the 
human  bodv. 

Taema  Solium  and  Cyaticercus  CelluIoBffi. — {Etymolotfy :  Cysticer- 
cus  telle  cellulosa^,  or  bladder-wonn  of  the  cellular  membrane.) — This 
8peci(.'H  infests  man  in  both  stages  of  development.  The  tape-wonn, 
when  fiill-grown,  may  be  three  or  four  yards  in  length.  The  head  is 
not  larger  than   the  head  of  a  small  pin.     It  is  furnished  with  four 
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suckers  and  a  circle  of  about  twenty-six  books  supported  on  a  ro.^- 
tellum.  The  firjit  portion  of  the  body  of  the  worna  is  narrow  and 
threadlike,  but  it  soon  enlarges  and  becomes 
transversely  segmented.  The  segmentr  are 
at  first  broad  and  very  short :  afterward 
their  length  is  greater  than  their  breadth. 
When  it  has  attained  the  length  of  some  five 
feet  and  produced  4r50  segments,  sexually 
mature  jiroglottides  are  produced,  earh  hav- 
ing male  and  female  nrgan.s,  the  genital  orifice 
being  .situated  luteraily  on  the  right  and  left 
side  alteniately.  The  ovnry  hs\s  from  seven 
to  ten  liiteral  branches,  each  of  which 
divides  into  dendritic  ramifications.  The 
eggs  are  nearly  spherical,  ubout  -jz^  of  it' 
inch  in  diameter.  The  partly  developed 
embryo,  with  si.v  booklets,  may  be  seen 
witliin  it.  The  further  development  takes 
place  in  the  manner  already  described,  in 
the  flesth  of  pigs,  The  bladder-parasite 
there  pr'Mhiced  is  called  si  ineasle,  or  cysti- 
cercus  ccUnlosse.  The  meat  thus  affected 
is  called  "measly,"  and  .shows  to  the 
naked  eye  a  number  of  little  bladders  the 
size  of  a  pea,  or  somewhat  larger  when  full-grown.  It  refjuires 
two  or  three  months  to  attain  this  size,  and  it  is  supposed  that  it  may 
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live  in  the  cystic  form  for  several  years.     If  tlie  cysticercus  dies,  its 
body  becomes  calcified,  so  that  a  chalky   niasw  results,  surrounded 

by  a  fibriiioU'S  membrane.  The  tape- 
worm form  of  this  parasite  it*  only  knowu 
to  occur  in  man.  It  is  always  acquired 
by  eating  imperfectly  cooked  pork.  The 
cysticercus  form  occurs  in  enormous 
nbundaiice  in  the  pi»r.  It  is  sometimes 
found  ill  the  human  body,  mostly  in  the 
miisck'.s  but  also  in  the  brain  and  boue 
and  skin,  etc.  It  is  not  often  that,  in 
the  human  subject,  more  than  one  is 
found;  but  as  many  as  twenty  have 
«;^^^  m        M  occurred  iu  the  brain,  and  even  hundreds 

^^^        .<M     M  '"    1^11'^'^''^"''    and    connective    tissue.       If 

/  ^\     CVf     K/^  de<reiierated  or   decomiMjsed,  it    may   be 

recognized  by  the  yvresence  of  the  hook- 
Jets,  which  should  be  distinguished  from 
llooka  ofcysikfix-uscclliilosii'.       tliosc    of    T,    echinococcus  or   liydutids. 

Tho.se  of  the  cy.sticercu8  are  larger,  ami 
have  a  characteristic  shape  («ee  Fig.  101).  We  must  suppose  that  Uie 
cysticercus  is  acijuired  liy  drinking  ivnter  which  hfus  been  contam- 
inated with  matter  containing  tape-worm  eggs.  It  is  possible  for 
a  person  having  a  tape-worm  to  infect  himself,  by  indirect  means, 
with  cysticerci  from  his  own  para.<^itc. 

TEBnia  Mediocanellata,  vel  Saginata ;  Beef  Tape-worm. — This 
species  grows  to  a  larger  size  than  ta'nia  solium,  being  sometimes  fouTi 
yards  in  length.  Its  head  i.**  about  one-eightti  of  an  inch  in  diameter,  i 
lias  four  suckers,  but  no  hooks  or  rostellum.  It  tapers  slightly  to  a 
naiTow  portion  callcfl  "the  neck,"  after  which  it  rapidly  enlarges  and 
forms  distinct  segments.  These  may  be  as  much  as  three-fourths  of 
an  inch  long.     The  ovaries  of  this  species  give  off  a  very  large  oum- 
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ber  of  lateral  processes,  which  do  not  branch  iu  the  same  way  as  in 
T.  soliuiTi,  but  form  parallel  twigs.  This  i.s  the  only  chanu'teristic  by 
which  the  segments  of  the  two  tape-worms  can  be  distingui.shod.  The 
segments  of  T.  modiocnnellata  liave  more  power  of  spontaneous  move- 


Fli*.    III2 


I 


Fifj.  IftS. 


Head  of  tfeniu  iue<liiioiiii>.<llata,  iimg- 
nified  (lifter  Hkllbb). 


Mature  gegnient  uf  tjunia  me<liocj)neIIata, 
«>hr>w)iig  arrorigeitieiit  of  lalenil  |ir<i- 
cessrg  of  ovary,     n,  genital  pure. 


lo-t. 


a  \- 


ment  than  those  of  T.  solium,  and  may  thus  leave  the  intestine 
inilependently ;  while  joints  of  the  latter  form  are  dischiirged,  as  a 
rule,  with  the  feces.  The  morle  of  rcproi] notion  and  of  development 
of  the  emhryo  is  the  same  as  in  T.  solium,  except 
that  it  develops  in  the  bodies  of  cattle  instead  of 
pigs.  Man  consequently  ac(|uircs  this  parasite  by 
eating  underdone  beef.  Althou^li  T.  solium  is  gen- 
erally tipoken  of  as  the  common  tape- worm,  I  believe 
the  present  species  to  be  now  commoner  in  this 
country — at  all  events  in  London.  I  have  seen  a 
great  many  specimens  from  hos]»ita!  ont-patients, 
nlthongh  for  some  yeai"3  I  have  not  seen  any  of 
T.  solium.  The  cystieercus  form  a]>pears  to  occur 
in  cattle  only,  never  having  been  found  in  other 
domestic  animals  or  in  man.  It  is  found  singly  or 
in  small  nundiers:  and  rloes  not  exceed  one-third  of 
an  inch  in  diameter. 

Taenia  Echinococcus ;  Hydatid  Cyst. — This  is 
found  as  ;i  human  parasite  otily  in  the  cy.stic  fiunu. 
The  tape-woim  lives  in  tlie  intestines  of  the  dog  antl 
wolf.  It  is  about  a  quarter  of  an  inch  long,  and 
consists  of  four  segments  onlv,  incliidinj;  the  head. 
The  bead  is  pointeil,  has  a  <b)id)lc  circb>  of  booklets, 
thirty  or  forty  in  number,  ami  fmir  suckers.  The 
final  proglottid,  when  mature,  is  eiiunl  iu  size  to  all 
tlie  rest.  It  1uis  a  lateral  genital  pore  and  complicated  ovaries,  con 
taining  numerous  eggs  (about  five  thoasand  it  is  supposed),  in  win 
develop  the  six-hooked  embryos. 
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When  this  ripe  segment  drops  off,  the  embryos  are  set  fret  a  1 
surface  of  the  ground,  or  in  water,  by  wliicb   (or  on  tLc  GBifcaj 
green  vegetables  eaten  uncooked)  they   may    pass   into  tbe 
stomach.     Perforating  tlie  walls,  they  get  into  tbe   circaUtMft,i 
hence,  for  tbe  most  part,  pass  to  tlie  liver,  tbough  occaetoiMlij  I 
lodge  themselves  in  other  parts.     When  the  euibrj-o  becomeii 
ary,  it  develops  into  a  spherical  vesicle,   wbicb    undergoes 
changes,  and  may  become  of  great  size.     This,  tbe  bladder-lbniifj 
parasite,  is  known  as  acephalooyst  or  hydatid.      It  is  sarroQiidM  I 
secondary  fibrous  envelope  forme<l  from  the  tissues  of  the  hoM. 

Fig  I OS. 


Seotion  of  sniall  hydatid  cjbI  (  X  100)  (Bkistoitrj. 

The  subsequent  development  of  this  cyst  is  very   remark*'^'!"  «'  * 
unlike  that  of  cysticercus.     After  about  eight  weelts,  when 
lifih  of  an  inch  in  diameter,  it  consists  of  a  thick    laminaXtii  n.<^ 


Fii:.  lOfl. 


r--^ 


Laminated  wall  (ectocyst)  of  ecliittocoeous  { IIsi.t». 


bnine  externally,  enclosing  a  granular  mass.  This  mnAs  ihM)  for*** 
layer  of  nucleated  cells  on  the  inner  surface  of  tho  lainijiaied  i»«»- 
brane — the  so-called  granular  layer — wliilt-  centml  parts  oonuio  flwi 
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J.'here  thus  results  a  cyst  witb  n  double  w:il!,  the  outer  laminated  or 
ttocif$t;  the  inner  protoplasmic,  called  tlie  endw^ynt. 

When  tlie  cyst  reaches  the  size  ]ic'rhiip.s  of  :t  walniU,  tijo  production 
\i  scoliees,  or  efhiriococcus-heads,  liegins,  as  ('rjlloiv>< : 

In  the  substance  of  tiie  eudocyst,  buds  are  formed  pnyectiug  into 
the  cavity,  and  forming  a  structure  termed  it  brood-capsule,  in  which 
the  }>osition  of  the  two  layers  in  the  original  cyst  are  reveraed ;  having 
the  j)arencliyniatoiis  layer  on  the  outside,  the  fibrous  or  ectocyst  in- 
ward, so  that  it  is  like  an  invagination  of  the  cyst-wall.  On  the 
}xittir  side  of  this  are  formed  the  ei*[iinococcu!^dicads  or  scolices,  which 
lerefore  project  into  the  cavity,  though  by  doubling  inward  of  the 
mil  of  the  brood-capsiiie  they  often  a|)pe!ir  to  be  inside  of  the  latter. 
Pliey  do  not  beeotne  free  in  the  cavity,  unless  they  die,  but  brood- 
ipsules  njay  be  fornaed  in  such  numbers  a^  nearly  to  fill  the  cavity. 
If  the  process  goes  on  as  described,  the  development  possible  in 
lliis  situation  is  complete.     The  head,  or  larval  tapeworm  is  formed ; 


B 


C 


:« 


HutnAii  evil i iiocowi  (fnun  Fislatson,  uWkt  Davai>k). 
A,  A  group  of  echiaoc(H!«i,  still  odboriiig  to  the  gcniiinal  tiiembrune  by  their  j>eilicle« 

\y  40). 

D,  BU  echinoci>c(!U8  with  heiul  invaginiiled  in  th«  b<>],r  (  X  lOT). 

C,  the  same  c<>inpreii»e*l,  i«hr>win^  fUo  suckere  ami  hooks  of  the  retracted  hend. 

D,  echiiioi!«»ccMia  willi  head  protruited. 

E,  crowa  of  hook*  siiowing  thf  two  oir-Ies  t  X  SiVO). 

pnd  if  the  organ  in  wdiich  it  is  lodge*!  be  eaten  by  a  carnivoroas 
limal,  it  may  at  once  enter  on  tiie  tape-worm  stage  of  existence, 
'his  ri'sult  has  been  produced  experimentally  by  feeding  dogs  with 
lydntids. 

The  echiiiococcus-head  or  scolex  is  ^  to  j^^f  of  an  inch  in  length, 
[ts  body  is  divided  into  two  parts — the  anterior,  called  the  head, 
rhich  carries  a  vostellum  ivith  hooks  and  smokers,  and  the  posterior 
>rt,  or  base.  The  heail  f  which  is,  of  course,  identical  with  the  head 
)f  the  little  tape-worui  in  the  dog  (has  two  circles  of  hooks,  which 
should  br  carefully  stu<lied,  since  the  discovery  of  even  one  may  be 
the  meaiLs  of  diagnosis.     The  smaller  measure  j^j^  to  yt^  "^  *tt 
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inch  ;  the  larger  -^  to  j^^  (Cobbold).     As  we  see  in  the  <«<^' 

Iieiul  is  generally  retracted  into  the  body,  so  that  tht    ' 

it"  tliey  were  internal  organs.     The  calcareous   corjn 

found  in  this  as  in  the  mature  tape-worm  and   the  hj'iatio,  aisv^^i 

serve  as  a  means  of  diagnosis. 

The  process  of  development  does  not    always,  howevrr,  ^ 
once  to  the  production  of  scolices.     The  uiotlier-cyst  may  tmtr*-:  ;->■ 
(luce  secon<larv  or  daughter-cysts,  so  that  scolex-protliiction  bk(WiTi4 

These  secondary  cysts  are   formed  in  three   ways.      <  >• 
formation,  common  in  liydatids  of  domestic  animals,  but  i 
is  the  exogenous,  producing  tlie  form  called  Echinococcus  v»trriti<inx 
or  E.  exogenus,  or  E.  granulosus.     Secondary  cysts  are  f'T'- -i  ■    - 
wall  of  the  original,  w-hich  grow  outward  :    and    thus  n 
cysts,  lying  side  by  side,  not  encloncd  in  one,  is  furtued.      1 
cysts  have  the  same  power  of  forming  "  heads"    iu    thfi 
the  ])riinary  cyst. 

Another  mode,  the  common  one  in  human  hydatids,  is  ti . 

cysts  are  formeil,  t«ometime3  in  enormous  number.-*,  inside  die  i 
cyst;  and  sometime:*  others  within  these  (grauddaughler-cvstsi.     i~j 
form  is  called  Echinoeoccus  eiid<>g*.'nus,  or  E.  hydalidosus. 

A  third  furra,  luiknoivn  irt  this  countni',  is  that  c»Ile<l  hv  Yirrl>»« 
Echinoeoccus  multilocularis  ;  which,  as  it  has  a  very  limited  pogof^ 
ical  i-anu:e,  beini,'  only  found  in  Switzerland  and  Soutli  Geniiaiiv,MJ 
not  be  further  described. 

In  the  only  impurtant  human  form  of  echinococcua-cvst  (E.  )i\^ 
tidosus)  the  datighter-cysts  are  abortive  brood-capsules,  iind  probibly 
abortive  ecliinococcus-heads  also,  which  stop  short  at  this  stsitre  ititts^ 
of  develo[iing  normally  ;  but  tlic  causes  of  this  arrest  of  derelopmMt 
are  quite  nnknown.  Probably,  at  fii"8t,  the  daughfer-cvsts  h»«e  * 
granular  parenchymatous  layer,  and  are  capable  of  fonnin'g  hevis.t« 
a  great  number  lose  this  power,  and  arc  barren  cvsts.  When  d* 
daughter-cysts  are  very  nnmerous  (thousands  are  described)  tnanr* 
even  all  may  be  barren.  Leuckart  doubts  whether  all  are  - 
certainly  I  have  exaiuined  very  large  numbers  without  find  ., 
heads  or  booklets,  and  many  similar  experiences  are  record«i.  Jsueu 
cysts  liave  a  thick,  white,  opaque  wall. 

Echinococcus-cysts  in  man  may  be  very  large  (l/i   lbs.  or  mm^', 
the  iiuid    they  contain   is  watery,  containing    sodium    il  "      '     ' 
scarcely  a  trace  of  albumen,  a  point  of  great  diacrnosttc 
When  they  die,  tlits  fluid  I'ecoraes  inspissated,  and  with  the  « 
cysts,  etc.,  forms  a  gelatinous  or  sometimes  cheesy  mass.      In  ::  : 
this  may  become  calcified,  as  may  also  the  wall, a  tendency  toc«lcsn««i 
deposit  being  very  marked  in  hydati<ls. 

The  liver  is  the  seat  in  about  onedialf  of  the  cases  ;  next  in  m^ 
of  frequency  come  the  lungs;  and  liydatids  do  «X'cur  also  •■ 
toneum,  brain,  heart,  muscles,  etc,      I  believe  statistics    ur 
frequency  of  cases  in    the  liver,  as  cases  in   other  situa 
varieties,  are   jmblished.      Migration    within  the   1'<"K-    i.  .,,.l..,„. 
except  perhaps  from  liver  to  peritoneum. 
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The  cysts  may  hurst  into  some  natural  cnvity,  iiu«l  tluis  he  pviu-uateil, 
they  uifiy  be  desitroyed  l>y  sii|»[>uniti«)U  uf  the  o.xtcniul  euvt'lupe  of 
humau  tissue.  The  various  eventa  whicli  thuH  result  belong  to  special 
p{i(lii)h>!jry. 

Bothriocephalus  Latu«  {Ttvnia  lata) ;  Broad  Tape-worm. — The 
tape-worm  lives  in  the  human  intestines;  the  cystic  forui  is  unknown, 
if  any  exists;  but  in  all  probability  the  embryo  clerive<l  from  the  tape- 
worm develops  direct  into  a  larval  form  in  the  tiiuscles  of  fell. 

It  is  larger  than  any  species  of  Ticnia,  soinetimcji  attaiuinp  a  length 
of  twenty-five  feet  and  a  breadth  of  one  inch.  The  head  is  very 
simple,  T^3  inch  across,  with  no  suckers  or  booklets.  The  joints  near 
the  head  are  vciy  short  and  wide,  looking  like  mere  rings;  tlie  largest 
occur  in  the  midiile  of  the  chain,  and  arc  nut  more  than  ^  to  ^  inch 
long;  towaid  tiie  posterior  [«an  of  the  body  the  joints 
become  slightly  longer  and  narrower.  There  may  be 
4U00  segment.s.  Each  is  bisexual :  the  utenis  is  a 
simple  tube,  though  convoluted.  Tlio  genital  orifices 
arc  in  the  middle  line,  on  the  ventral  suriace.  The 
eggs  are  oval.  ^|g-th  inch  long  ;  they  are  furnishe<l 
with  an  o|ierculuni.  They  are  .set  free  within  the 
body,  but  hatched  in  water.  The  proglottides  are 
not  discharged  from  the  intestine,  as  in  Tteuia. 

Fi'i.  Kifl. 


Fir,.  lOH. 


lll'H'l    iif     Itnlllrio- 

bKa),    1,  nii>gnitio4 ; 
b,  niiiitnil  fxto. 


Mature  ae^mciit  of  lx'tliri'M'c|ilmbi»  Intuu. 


The  embryo  is  furnished  with  a  ciliated  envelope.  an<l  swims  about 
till  this  bursts,  liberating  the  six-hooked  embryo.  Tliis  undergoes 
intermediate  development  in  the  muscles  or  viscera  of  a  fresh-water 
fish  (especiall}'  the  pike)  to  an  asexual  larval  worm.  If  such  a  fisli  be 
eaten  by  man.  or  other  fish-oating  animal,  it  will  develop  into  the 
se.xually  mature  form  iilrcaily  ilescribeil. 

The  tape-wonn  has  In-en  found  in  man.  and  in  tlie  dog.  It  has  a 
very  limitetl  geographical  range,  being  found  commonly  only  in 
Switzerland,  certain  parts  of  Northern  Goraiany,  Rus.sia,  Poland, 
Sweden :  occasionally  in  Holland  and  Belgium  ;  rarely  in  Ireland. 
In  England  and  France  the  few  recorded  cases  a}>pcar  to  have  depended 
upon  some  traveller  bringing  the  tape-worm  with  him  from  a  country 
where  it  is  endemic.  In  short  its  distrilmtion  seems  to  be  determineil 
by  the  great  river  and  lake  systems. 

Rarer  Tape-worms. — There  are  certain  other  species  which  have 
been  very  rarely  found  in  man,  some  of  them  in  only  a  single  instance. 

Such  are:  T<rni<i  cwf-w/^^vrnf/,  common  in  the  dog  and  c^it;  T. 
acanthotricM  (America) ;    T,  marf/iiiata  (!) ;    T.  nana  (Egypt) ;    T. 
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AllACirMDA. 


AcaruB  Scabiei. — Tlie  well-known  parasite  of  the  itch  is  a  mite,  of 
rbioh  the  sexes  (Jifler  in  size.  Its  general  u[>pcnrance  is  best  under- 
stood hv  iufiptrtiun,  or,  fnilin;.'  tliiit,  by  a  figure,  so  that  a  long 
description  is  not  iieeessjiry.  Ttie  feiuiiJe,  ■which  is  getienilly  Been,  is 
-j-J-n-  to  ^f^  inch  in  length  imd  ^jz  ^^  t'j  broad  ;   the  male  little  more 


Firi      I  1  1 


\ 
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AcArus  acnbiei,  female.     Dorsnl  n.-4j>oct.     (Curnii.  and  Ravvifb.) 

than  half  that  size.  He  differs  also  in  having  the  hindmost  of  the 
four  pairs  of  legs  terminated  hy  a  disk  and  not  a  bristle.  In  the 
female  tlie  two  hinder  pairs  of  leg.s  have  bristle.s.  The  two  anterior 
pairs  in  both  sexes  have  disks  (see  Figs.  Ill  and  112).  The  male 
either  lives  on  the  surface  of  the  skin  or  penetrates  a  little  way  into 
the  epidermis.  He  is  very  rarely  found.  The  female  bu crows  in  the 
epiderrai.s  and  lay.s  her  eggs  there.  The  traek  of  her  burrow,  as  a 
blackish  ciirve<l  line,  i.s  a  well-known  diagnostic  mark  of  the  disease. 
The  eggs  arc  oval,  about  y^fp  inch  long  and  have  a  granulated  surface. 
The  young  when  hatched  are  iin mature,  having  only   three   pairs  of 
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Fi.j.   112. 
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legs.  They  grow  f|nickly,  and  after  several  changes  of  skia  n» 
the  perfect  form.  The  acarus  breathes  air  by  the  general  scfa^ 
without  special  respiratory  organs.  It  is  a  true  parasite,  not  W^ 
able  to  live  e.xccpt  ou  an  animal  body,  though  it    m«y  l»r  trmrfcw 

from  one  species   of    animal    *•«  ut^ 
Whether  all  the   acari  which  in f«  ssr 
of  the  lower  aniniaU  are  alwnv.* 
from  the  human  acarus  is  not  clear 
are  certainly  some  other  spoeics. 

Besides  it*  burrows,  the  ac- 
to  little  vesicles    ni^ar   the   ' 
the  way  in   which    these   arc  pro<im't- 
not  (to  me  at  least)  quite  cK-ar,  ♦it"   • 
''  /  j^^^^^^v  u    V       acari  are  never  foiiuJ  in  them;  I 
yf^HH^^^     I  it  is  possible  that  the  acarti.-*  eecnM  •<• 

/        lV(\     '     1  irritating  .'iubstance  which    ?<•!.<  pp  I«i. 

'  ij    )    I    y^  inflanimation.     There  is  little  dou'M,V«» 

Ainnj.8o.biei,mal«.  Ventral ««-       <^^C»",    thnt     the     .scratching,    to    ulirL  li.- 

I««t.  (CoRsaand  Raxvjfr  )        intense  irritation   of  the   skin  gin*  m. 

is  the  chief  iiuinetliate  cause  of  thi*  -f^ 
lesions  of  the  skin   which  constitute  the  disease  scabies.     Ti"- 
extremely  contii^jiou.s  is  well  known,  but  a  somewhat  close  COAtadfr 
necessary  to  tninsfcr  tlie  disejuse. 

Demodex  folliculorum.— (Syn. :   Acarus  folliculonim.) 

Althouf^h  really  an  acarus,  this  creature  has  a  verv  iliffcrrn'  ♦*•'>' 
from  the  A.  scabiei.     Its  head  is  like  an  acarus,  it  has*  four  *' 
and  a  long  abdomen,  which  give  it  the  appearance  of  a  wonii.     I:  i-  • 
reuiarkable  itistanct'  of  the  degeneratiou  produced  by  }iaru<iu?:.i.    It* 
average  length  is  y^-  inch. 

It  inhabits  the  plugs  of  thickened  sebum  or  comedones  pr>>!'tfl 
by  overseeretion  of   the  sebaceous  glands  in    the   akin  of  i 
shoulders,  etc.     Several  are  often  found  in  one  hair- follicle,  ♦•liu  ••• 
long  axis  of  their  body  ilirected  inward. 

They  are  not  known  to  produce  any  pathological  change,  bml  at 
nourisheil  by  tlic  abundant  sebucemis  secretion. 

I  cannot  confinn  the  statements  generally  made  as  to  the  frcqarM 
occurrerjce  of  these  creatures.  In  cases  of  acne  they  are  ceiW*^ 
very  uncommon. 

Similar  parasites  occur  in  the  lower  animals;  and  one  in  tlie^ 
seems  to  produce  pathological  changes,  according  to  Sp.irkes. 

Leptns  Autmnnalis,  or  the  harvest-bug,  is  very  common  on  pvt 
or  stubble,  in  the  autumn  especially,  at  least  in  this;  country,  on  ciaft 
soils.  It  creeps  up  the  leg  and  burrows  into  the  skin,  whcr«  it  l»nw 
excessive  itching.  It  is  a  bright  red  creature,  just  visible  to  ^ 
naked  eye.  As  it  certainly  does  not  undergo  any  de^-eloptnent  in  lfc» 
haman  body,  and  soon  dies  there,  it  must  be  regarded  an  an  occuimi 
visitant  and  not  a  parasite. 

Zoologically,  it  is  the  six-lcgge<l  larva!  form  of  an  eiglit-legjji'd 
of  genus  1  rombidium  and  sjiccies  piobnbly  holo»trir,-ui>i      Ti.,.  Ii 
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IS  Tiornially  pra-sitic  on  insects  and  aracbnida,  and  sonietijues  visits 
mun  or  other  mniumalia. 

Ixodes  Ricinus,  the  sheep-tick,  occasionally  fitstens  upon  the  Luiuan 
body  ami  sucks  blood  from  it.  In  the  lower  aoimals  it  appears  to  be 
a  true  parasite. 

Other  more  forinidalilc  sjK'cies  ore  known  in  other  cmintries,  as 
Ixodes  Anierictinit*,  'm  liiazil. 

Fentastomum  Taenioides  seu  Denticulatum  also  belongs  to  the  class 
Arachiiida,  ibougb  very  ditVerent  in  appearance  to  must  species  of  that 
class. 

The  larval  form  only  is  met  ivitli,  in  an  encysted  fonn,  as  a  rare 
human  parasite,  but  is  common  in  the  rabbit.  It  is  about  \  inch  long 
and  -jij  broad ;  has  a  roundish,  flattened  bo(ly,  divided  into  some 
ninety  segments,  ttfter  the  manner  of  a  tape-worm,  but  the  division  is 
only  suiK'rfieial.  The  edges  of  the  segments  are  bordered  with  Hne 
bristles  and  in  the  middle  of  each  are  stomata.  The  mouth  is  sur- 
rounded by  four  hooks,  each  provided  with  a  chitinous  sheath  into 
which  it  can  be  withdrawn.  It  is  enelo.sed  in  a  capsule  making  a 
nodule  the  size  of  a  [lea.  mostly  in  the  liver. 

In  the  human  body  it  is  generally  found  dead  and  calcified,  the 
contents  of  the  capsule  being  merely  a  calcareous  paste  in  which  the 
hooks  may  somctinu'S  be  found  entire. 

Leuckart  has  proved  it  to  be  the  larval  form  of  an  arachnoid,  the 
mature  fortu  of  which  is  known  as  Fentastomum  tunimdex.  The 
feuiulc  is  about  three  inches  long,  the  mule  Ic^s  iIlmh  one  tnt-h.  It 
lives  in  the  nasal  cavities  and  frontal  .<inu?^('>  nf  dugs  and  wolves. 
The  embryos  still  contained  in  the  egg  membranes  pa.ss  out  with  the 
nasal  mucus  onto  plants,  and  thence  into  the  stomachs  of  rabbits  and 
hares,  where,  becoming  free,  they  pierce  the  intestinal  walls  and  reach 
the  liver.  In  this  organ  they  becorae  encysted  and  pass  through  a 
series  of  changes  of  form  till  the  pentastfunum  denticidatum  stage  is 
reached,  when  they  coujmence  a  fresh  migration  to  other  organs — an 
operation  sometimes  fatal  t«  the  host.  If  the  body  of  the  hare  or 
rabbit  be  now  eaten  by  a  dog,  the  embryos  pass  from  its  mouth  into 
the  nasal  passages  and  in  two  or  three  months  are  sexually  mature. 

In  one  case  the  mature  parasite  was  found  in  the  nostril  of  a  man 
who  had  sufi'ered  for  seven  years  with  severe  bleeding  from  the  nose. 


IXSECTA. 

The  most  important  parasitical  insects  are  lice,  of  which  three 
species  infest  the  human  body: 

Pediaihuf  capiti»,  Fi'diculun  veatimentorum  and  Pt'diculus  (phthi- 
rius)  pnhin. 

Pediculus  Capitis,  the  head-louse,  lives  in  the  hairy  scalp  and  is 
suppose<J  to  suck  blond  from  the  vessels  around  the  hair-follicles.  The 
female  attaches  her  eggs  or  nits  to  the  hairs  by  a  peculiar  arninge- 
nicnt  something  like  a  split  ring,  and  fastens  them  with  a  chitinous 
cement,  so  that  they  are  with  difficulty  removed,  even  when  the  young 
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are  liatclied,  whicii  is  said  to  occur  in  about  a  week.      The  v">orijk» 
six  legs,  like  the  mature  insect,  and  undergo  no  Tnetnmoq^^bt*.*.   !V 
appearance  of  this   creature  need   hardly    l>e    described,  \"v 
sometimes  be   important    to   distinguiish    between    tbi^   aD<i 
species.     The  most  olnious  difference  is  tliat   the   bodv  'A 
louse  is  mottled  with  gray  or  black,  »o  that  it   precisely  ri - 
dirty  piece  of  scurf.     Tlie  clothes-louse  has  no  local  color.  !    ■  • 
general  dirty  white,  and  the  blood  which  it  has  swallowed  i»  oitnii 
through  the  skin. 

Pediculus  Vestimentomm,  the  clothes  or  boily-lousc.  li 
clothes  or  bedding,  and  lays  it.s  eggs  in  the  folds  of  gari 
makes  excursions  upon  the  body,  nnd  sucks  bloo<l   frotti  :i     ' 

surrounding  the  sebaceous  gland-  <i 
foHides;  especially   of  tho»e   p^n- 
body  (such  HS  the  shoulders  an<l 
where  the  clothes  fit   most  tightly. 
puncture  thus  produced  may  \*e  rr 
The  irritation  the  lice  pro<lace, 
lesions  set  up  by  scratching,  often  | 
to  the  erroneous  dia^uosis   of  a 
"Prurigo,"  which  is  really  quite  a  i 
afft'ction. 

The  nffections  produced  by  liceanr* 
times  called  phthiria,«i.«i,  and  in  former  Uas 
this  WHS  thought  to  be  a  disoa8e  pn>4«nd 
by  internal  causes,  and  fnbitlons  UtflB 
were  told  of  its  disastrouf*  :•  iii.' 

results.     Modern  dermatob'_  iiii"< 

the  possibility  of  lice   living   in  or  miAt 
the  skin  in  uh'ers  and  abscessed.     JTrTH^ 
thelcss  a  prepiiration    from    Schrnder  tu 
der  Kolk'a  collection,  now  in  the  rniv.*- 
sity  Museum  at  Oxford,  prove*  ths? 
is  not  impossible.      It  show  - 
pei'^'in  affected  with   phthiii. 
being  riddleil  with  ulcers  nnd  suf 
cavities,  which  during  life  were  tuu  ■  ■  . 
When  large  numbers  of  lice  are  found  on  the  body  after  d< 
as  sometimes  hnppens,  these  are  head-lice,  which   have  swarmed  wtf 
the  body  after  death. 

Pediculua  Pubis. — This  differs  much  in  form  from  the  other  Bpicitk 
so  that  it  has  received  the  generic  name  Phthiriui.  Its  g««ciii 
appearance  is  shown  in  the  figure.  This  species  inhabits  those  fare 
of  the  body  covered  with  short  hairs,  especially  the  pubcs ;  hot  i^ 
found  more  nircly  in  the  axilla  or  on  the  eyebrows,  or  among  •!>«* 
hairs  on  the  chest.  The  female  attaches  her  eggs  to  liairs  in  tiw  SKmr 
manner  as  the  head-louse. 

Other  species  of  insects  live  as  occasional  epizoic  parasites. 


Pediciilis  puliiii.    Muluro  lusect 
eggs  atUclied  to  u  hair  (Fik- 
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Cimex  Lectulariua,  the  bed-bug,  is  a  wingless  species  of  the  order 
Heuiiptera.  Its  development  takes  place  outside  the  bodj,  which  it 
visits  only  for  the  sake  of  sucking  blood. 

Pulex  Irritana,  the  common  tica,  is  nlso  a  wingless  species  belonging 
to  the  order  IHptcra,  Itsbirva,  a  bristly  cylindrical  worm  nbout  one- 
eighth  inch  long,  goes  through  its  pupa-stage  on  the  ground,  in  dry  soil 
or  santi,  ami  probably  in  the  dust  of  dirty  floors.  In  one  extraoniinary 
case  it  was  found  in  numbers  on  the  human  body.  I  have  been 
informed  by  a  traveller  in  Pei^sia  liuit  he  has  found  whole  villuges  de^ 
pojiuiated  in  summer,  through  the  inhabitants  camping  out  in  the 
woods,  to  avoid  the  Hens  which  infested  their  houses.  The  fiea  is 
rather  a  house-pest  than  a  parasite,  and  the  same  may  be  said  of  the 
be<l-hiig. 

Pulex  or  Sarcopsylla  Penetrans. — The  sand-flea  or  chigoe  lives 
free  in  sand  in  parts  of  North  and  South  America.  The  pregnant 
female  seizes  any  opportunity  of  burrowing  under  the  skin  of  accessi- 
ble parts,  such  as  tiie  feet  of  fjuadnipeds  or  men.  In  ihe  latter,  the 
skin  of  the  toes  under  the  naib  is  iisnully  selected.  Here  she  swells 
up  fmm  onc-twenty-fifth  to  one-fifth  of  an  inch  in  diameter,  and  be- 
comes nearly  sj>herical.  She  then  extrudes  her  eggs  one  by  one,  and, 
when  this  proce.ss  is  completed,  dies.  If  the  creature  is  left  alone,  no 
great  harm  is  said  to  result;  but  if  irritate<l  or  crushed,  severe  inflam- 
mation and  suppunitinn  are  set  up. 

Occasional  Insect  Parasites. — A  few  other  .species  of  insects  are  in 
the  larval  form  occasional  pnrn.sites  of  men. 

Thus  certain  flies,  especially  the  bluebottle  and  other  large  -species, 
occasionally  lay  their  eggs  in  neglected  wounds  and  ulcers,  when  the 
maggots  developed  from  them  may  cause  severe  and  even  fatal  injuries. 
A  few  instances  are  known  of  maggots  making  their  way  througli  the 
skin  into  the  mtiscles  of  the  living  body,  under  peculiar  circuiustances, 
as  for  in.stance,  from  putrid  meat,  and  even  causing  death.  The 
maggots  of  one  species  of  fly  in  South  America,  Lric'tlia  homimvorax, 
norinally  live  as  para-s^ites  in  the  nostrils  and  frontal  sinu.tes  of  men  ; 
whence  they  may  bore  their  way  into  the  pharynx  and  other  adjacent 
parts,  causing  severe  inflammation. 
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The  forms  of  vegetable  life  which  occur  as  parasites  in  or  tip.uaf 
human  lioiJy,  beloti*:,  !ii>  may  be  supposed,   exclusively  to  the  k«(f 
orders  of  plants.     This,  indeed,  necessarily    follows   from  lli«  bad 
their  drawing  their  sustenance  from  animal  Hiiids  and  tissues.  Forii 
physiolojiical  distinction  of  the  higher  plants  which  possetis  ehkfojM 
is  that  they  are  able  to  decompose  carbonic   acid   and   build  aptMt 
tissues  from  the  gases  of  the  attuosphere  and  inorganic  mAtter,  tbt 
rarely  feeding  on  organized  materials.    The  lower  plants,  on  tbe  odif 
hand,  obtain  their  nutriment  after  the  manner  of  animals,  from  b« 
euni|de.K  materials,  such  as  are  or  have  been  parts  of  living  orgUHM^ 
which  materials  they  break  up  to  turm  their  own  tissues.   Thetbtaa 
of  chlorophyll  is  broadly  a  sign  of  this  physiological  diffcrenor;  u4 
though  not  ubsolulely  distinctive,  is  genemlly    cLaracttr-  •       *' *'- 
lower  plants  of  which  ivc  are  speaking.     Without   pretci 
accurate  botanical   definitions,   we  may  sny   that   all   pai 
Iti-liUig  to  the  group  of  achloropliyllous  thallophytes,  gcii' 
fungi,  and  may  be  classified  un<ler  three  subdivisions  of  thi*-  _■ 
viz.,  hiphomyeetiv  or  tuouhl-fungi,  blastomycetiB or  yeust-fuDgi,  «<u;.:' 
inycettx  or  fission-fungi,  generally  called  bacteria. 

Species  belonging  to  each  of  these  are  known  either  as  true  }■»■ 
sites,  which  necessarily  spend  the  whole  or  part   of  their  live*  m  <r 
upon  the  human  body,  or  as  occasional  parasites  which  visit  th-  '  ■ 
body  only  occasionally,  generally  living  an   iudepondent  lilv. 
structure  of  the  true  pariusite.s,  as  compared  witli    that  of  tb<  w*t 
nearly  allied  species  living  an  independent  life,  sometitni^  app(«nu 
show  the  degeneration  of  parasitism  refeiTed  to  in  speaking  nf  xanai 
jKuasites.     The  moulds,  fiir  instance,  which  live  on  the   ' 
and  ]>r(id(ice  certain  well-known  diseases,  have  a  tnuch  sw 
tiire   tlian    the   common   blue  moulds  which    thejr    in   some   respwn 
resemble. 

Just  as  we  distinguished  entozoa  from  ecto-  or  epizoa,  so  we  nut 
distinguish  those  vegetable  parasites  which  are  capable  of  livin - 
the  body  as  entophyU-g,  and  those  which  merely   grow  on   ; 
face  as  epiphytes,  though  the  former  term  is  less  frequently  cinnlovw 
than  the  latter. 

The  eflects  produced  by  vegetable  parasites,  though  as  a  nil©,  ♦^r 
different  from  those  of  animal  parasites,  are  very  various.      Si  r      '  ' 
merely  on  the  food  substances  or  waste  products  of  the  bo«lv. 
producing  any  ])atliologicaI  changes,  and  are  then  calletl  *SVr /';•■■," 'i," 
others,  the  Pathogeiiic  species,  produce   inflammation  uu.j    n,-.-r  ^ 
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langes  at  the  spot  whoiv  they  grow,  as  well  as  form  id  able  general 
diseases. 

The  uiost  important  iaetor  in  the  <leleterifiu,s  aetinii  of  purasilic 
plants,  and  (lisil  which  cliieHy  distiiignishes  their  effects*  iVnni  those  of 
animal  parasite^j,  is  that  they  often  set  up  injurious  cheiuicnl  deeoni- 
jKjsitious  or  fermentations  in  the  tissues  and  tiuids  of  the  body  ;  and 
by  ao  doing  they  not  only  destroy  the  vitwt  jtroperties  of  those  tissues 
juid  fluids,  but  also  give  rise  to  new  chemical  substances  whicli  are  of 
the  nature  of  poisons;  some  being  tis.-isie  poisons,  some  functional 
j)oisons  (as  fttrnierly  deiined),  which  substances  being  distributed  by 
the  blood  may  cause  destructive  changes  in  distant  parts  or  dangerous 
functional  disturbances  of  the  nervous  system. 

As  in  the  case  of  parasitic  anitnals  so  with  parasitic  plants,  there 
are  usually  oei-tuin  laws  whicli  regulate  their  entrance  into  and  their 
exit  from  the  body.  Epiphytes,  like  epizoa,  are  often  niecbiinically 
inmsported  from  one  individual  to  another,  so  that  ringworm,  for 
instance,  au  epiphytic  disease,  is  also  contagious,  in  the  same  way 
as  the  tape-worm  disease  may  be  said  to  be  contagious.  Endophytic 
parasites,  like  entozoa,  enter  by  some  regular  channel  to  which 
their  habits  of  life  are  strictly  adapted,  and  for  the  most  part  leave  the 
body  by  some  etjually  regular  method,  which  permits  them  to  pass 
directly,  or  indirectly,  into  some  other  host,  so  that  the  species  maybe 
continuud.  The  luws  of  external  e.xistence  of  parasitic  plants  are  much 
less  perfectly  known  than  in  the  case  of  animals,  but  it  is  clear  that  in 
some  species  their  vitality  is  maintained  by  spores  wiiicli  have  greater 
powers  of  resistance  than  the  mature  plant,  ami  may  thus  be  com- 
pareii  to  the  eggs  of  animals,  e.  //.,  of  the  tape-worm.  This  is  the 
case,  for  instance,  with  the  bacillus  of  anthrax,  which  after  living  in 
the  blood  and  tissues  of  cattle  in  the  fonn  of  long  threads,  produces 
BjKjre.s,  wliich,  when  they  leave  the  body,  arc  able  to  preserve  their 
vitality  in  grass  or  soil  till  the  opportunity  occurs  again  of  entering  an 
animiil  body. 

W'getable  parasites,  perhaps  more  often  than  animal,  cause  the 
death  of  tlirir  liost ;  but  the  organism  just  mentioned  supplies  a 
remarkable  instance  of  how  this  event  is  adapteil  to  the  laws  of  life 
ami  contiuueil  existence  of  the  parasite.  When  a  sheep,  for  instance, 
dies  of  anthrax  on  a  pasture,  and  the  carcass  is  allowed  to  remain 
on  the  spot,  the  soil  will  become  infected  with  the  spores  of  the 
bacillus,  both  by  means  of  it.**  excreta,  blood,  mucus  from  the  mouth, 
and  so  forth  ;  tmd  also  un<ler  certain  conditions,  from  the  carcass 
itself;  the  contagitnn  being  thus  preserved  to  infect  other  animals. 
This  case  presents  a  close  ])arallel  to  that  of  the  liver-fluke  (p.  415), 
-which  kills  its  host,  the  sheep,  and  by  that  means  securer  the  distribu- 
tion (^f  it.s  eggs  over  damp  grass  or  water,  where  they  undergo  further 
tran>forniations  and  ultinjateiy  reach  the  sheep  again. 

Metamorphoses  of  parasitic  plants  comparable  to  the  metamor- 
phoses and  alteration  of  generations  in  so  miujy  animal  pariu?ites,  are 
hardly  known,  but  it  is  by  no  means  impossible  that  there  may  be,  in 
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the  forms  which  we  know  represent  only  one  stage  of  the  life  cto-, 
though  it  appears  complete,  just  as  was  the  case,  for  instance,  'ri 
cystic  parasites  before  their  connection  with  tape-worms  was  •> 
covered. 

Similarly,  we  know  very  little  of  any  intermediate  hosts  in  the  a- 
of  parasitic  plants.  But  many  are  common  to  several  species  of  ja- 
mais, and  may  be  communicated  from  one  to  another  mutually.  Ho 
man  often  derives  his  vegetable,  as  he  does  his  animal,  para.sites fr« 
other  species,  either  domestic  or  wild  This  is  true  of  the  fuup;; 
which  produces  favus,  of  the  bacillus  which  causes  anthrax,  prolibh 
sometimes  of  the  bacillus  of  tubercle.  But  there  is  no  case  in  whiti 
it  is  definitely  known  that  a  vegetable  parasite  must  pass  through  aiij 
intermediate  host  before  attaining  its  perfect  development. 

The  difficulties  which  present  themselves  in  the  solution  of  minj 
problems  of  parasitic  j)lant-life  are  largely  due  to  the  imperfection  ij 
our  knowledge  respecting  the  natural  history  of  these  lowly  organism' 
It  is  only  of  late  years  that  the  life-history  of  even  a  few  fomiii  }* 
been  thoroughly  worked  out.  But  it  must  be  said  tliat  nothing  bat  tii 
rapid  advance,  which  has  been  made  of  late  years  in  this  diffiot} 
branch  of  botany,  could  have  rendered  possible  the  equally  stni 
ing  and  simultaneous  advance  in  our  knowledge  of  vegetable  paraatt 
diseases. 

There  are  so  few  general  propositions  that  cnn  be  made  about  vegt 
table  as  distinguished  from  animal  parasitism,  that  it  will  be  k? 
to  proceed  at  once  to  consider  the  special  forms  of  parasitic  plant>. 


CHAPTER   XLV. 

hyphojiyl'et.e  and  blastomycet^— moulds 
and  yeasts. 


Hyphomycetae  or  Moulds  are  aclilorofihvUoug  thallophytes  or  fungi, 
insisting  of  a  Tni/ci-liuni  witli  certain  organs  of  fructififation. 

The  niyceliuin  is  composed  of  threads  or  fihiinenta  called  h/phce. 
^he  hvphae  are  generally  diviWed  by  septa,  and  are  often  liranihed. 
The  organs  of  fructification  consist  essentially  of  cells  called  sporea 
Sr  conidia,  which  are  !*ometiiiiL's  produced  in  or  upon  more  coinpli- 
ilod  structure.-!,  soiiietiine:*  merely  by  cutting  off,  or  "  abstnction,"  of 
Brtain  portititis  of  llie  hyphw. 

In  the  higher  forms  the  organs  of  fructification  consist  of  upright 
byplne  growing  into  the  uir,  called  conidiophores.  These  produce 
Mtfier  true  9[jores  by  endogenous  formation  within  a  structure  called  a 
iporangiiim,  as  is  the  case  in  mucor ;  or  else  divide  intu  smaller  threads 
illed  sterigmata,  arranged  in  a  brush-like  form  as  in  penicil!iuni,  or  in 
a  spherical  shape  as  in  aspcrgilhis.  The  cells  formed  by  abstriction  of 
the  sterigmata  are  called  conidia.  In  some  species  spores  are  pro- 
duced hy  a  sort  of  sexual  conjugation,  as  in  higher  plant^s,  and  there 
are  other  modes  of  fructification  whi<'h  iiceil  not  be  liescribed  here.  In 
the  simpler  forms,  under  which  are  included  alt  the  truly  paiiusitic  and 
pathogenic  species  growing  in  the  human  body,  conidia  are  fonued 
direct  from  the  hyplue  of  the  mycelium. 

Mouhls  are  found  almost  universally  on  decaying  vegetable  matter 
wherever  the  conditions  of  temperature  and  moisture  are  favorable  to 
them.  Their  inyceliura  penetrates  the  substance  on  which  they  grow 
sometimes  very  deeply,  and  some  species  are  able  to  penetrate  very 
hard  materials,  such  as  wood.  In  doing  so  they  decompose  and 
destroy  their  vegetable  soil,  and  their  function  in  nature  appears  to  be 
the  removal  of  dead  vegetable  roatter.  Some  species,  a.9  the  potuto- 
fungus  (Peronoapora),  are  able  to  attack  in  the  same  way  living  plants, 
in  which  they  cause  great  destruction.  These  species  are,  there- 
fore, [mthogenic  to  plants. 

Some  moulds  are  capable  of  growing  upon  and  causing  the  decom- 
position of  dead  animal  matter;  but  they  are  not  often  found  in  such 
situations,  and  their  importance  in  this  respect  is  much  less  than  that 
of  bacteria.  It  might  almost  be  inferred  from  these  facts  that  they 
would  have  still  less  ]>ower  of  attacking  living  animals,  and  hence 
motihls  have  little  [lathological  importance.  They  do,  however,  cause 
in  man  certain  disea>ies  of  the  .skin,  and  one  or  perhaps  two  diseases 
of  deeper  jiarts.  In  these  their  pathogenic  action  is  purely  irritative 
or  inflammatory.     In  some  animals  diseases  from  moulds  or  mycoses 
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are  more  common.  Several  species  also  occasionally  grow  as  sapp- 
phytes  in  natural  or  artificial  cavities  of  the  body.  Certain  of  tt« 
saprophytes  are  found  to  produce  disease  if  artificially  introduced  ki 
the  interior  of  the  body. 

The  saprophytic  species  are  identical  with  species  growing  on  dec>m- 
posing  matters  outside  the  body;  but  the  patliogenic  species  areli. 
tinct.  Before  speaking  of  the  latter,  it  will  be  well  to  ennmerawj 
few  of  the  commoner  moulds  which  are  met  with  in  outside  nature, 
and  may  occur  in  pathological  conditions. 

Saprophjrtic  or  Non-pathogenic  Honlds. — The  only  species  whit-s 
it  is  necessary  to  notice  here  belong  to  the  three  genera  AspergiliiB. 
Penicillium,  and  Mucor. 

The  genus  Aspergillus  is  characterized  by  the  growth  from  i 
branched  mycelium  of  upright  hyphse,  producing  spherical  heads  nf 
sterigmata,  on  which  are  formed  the  conidia. 

Aspergillus  Olancns  is  a  common  grayish-blue  mould  which  grows 
on  decaying  fruit,  rotten  wood,  and  other  vegetable  matters.  esf»ecial!j 
in  cool  places.  When  grown  artificially,  it  is  found  to  flourish  at  a 
temperature  of  about  50°  F.  (Fliigge),  and  not  at  all  at  temperature* 
approaching  that  of  the  human  body.  Its  conidia  are,  compared  vitii 
those  of  other  species,  large,  measuring  9  to  15  ^u,  or  microminimetr««. 
in  diameter.* 

Aspergillus  Kiger,  an  allied  species,  produces,  on  spherical  head<. 
conidia  of  a  brown  color  when  ripe,  of  3.5  to  5  /<  in  diameter.  ThL* 
species  grows  freely  at  a  high  temperature,  best  at  about  95°  F. : 
therefore  very  nearly  at  the  temperature  of  the  human  bo<ly. 

It  is  sometimes  found  growing  in  the  human  ear,  a  situation  for 
which  its  temperature-relations  evidently  fit  it,  and  is  the  comraone: 
of  the  species  of  fungi  found  there. 

It  is  most  commonly  met  with  in  the  outer  ear — ^sometimes  on  tU 
membrana  tympani,  sometimes  even  in  the  middle  ear. 

According  to  Schwartze,  it  will  not  grow  unless  there  is  alreadv 
some  slight  injury  of  the  epidermis,  but  when  once  established  it  pri"'- 
duces  a  severe  and  obstinate  inflammation  called  Otomycosis  :  so  iha: 
it  may  be  called  patliogenic.  Other  fonns  of  fungus  found  in  the  ear 
are,  according  to  Schwartze,  Ascoplioro  elegans,  Trichotheoium  roseura. 
Mucor  mucc(lo.- 

A  species  of  Aspergillus,  perhaps  the  same  as  this,  has  been  obserretl 
growing  in  a  wound  of  the  cornea  of  the  eye. 

Aspergillus  Fumigatus,  an  allied  species,  produces  small  conidia. 
2.5—3  /'  in  diameter.  It  grows  best  at  a  high  temperature,  08°— 104'  F. 
It  is  this  species  Avhich,  as  already  mentioned,  has  been  made  to  <rn'U 
in  internal  organs  of  rabbits  if  the  spores  are  injected  into  the  bloo-l. 
being  doubtless  adapted  to  growth  in  such  situations   in  consequeniv 

1  In  this  part  of  the  work,  to  avoid  ilie  awkwardness  of  spejikinx  of  minut*  fraoti-n- 
of  an  inchfOrof  dcoiinaUof  aniillinietre,we  shall  um  the  symbol  u  for  one-thnusan  ii' 
of  a  millimetre  ^-jjjyj  of  an  inch. 

•  Behwartie,  in  Kleb-i's  Ilandbueli  der  Pathol.  Anatomie,6t«Lieferun2.  Berlin,  IJ-T?. 
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the  high  temperature  wbieli  suits  it  Lest.     When  the  quantitj  in- 

jted  has  been  large  some  general   syinptoiiis  iind  even  drath  have 

B8ulte<l.     Another  species,  aspergillus  Havus,  is  almost  as  viruleut. 

nij^er  has  a  much  less  intense  action,  while  A.  gluucus  is  without 

Jeffect.  apparently'  on  account  of  the  high  teiniieniturc  heiiig  uni'avor- 

ible  to  its  growth,     lu  none  of  these  cxperiniufits,  however,  has  there 

)een  any  great  multipliention  of  the  fundus  within  the  body. 

A  species  of  aspergillns,  probably  A.  funiigatus.  has  been  found  in 
the  lungs,  via.,  in  tubereubir  vomic<e,  or  bronchiectatic  and  gangrenous 
ivities.  but  without  producing  any  disease,  being  only  a  saprophyte. 
,tj  iiiidetenuiuod  species  of  the  snine  genus  was  once  observed  by 
llr.  1  liitcbinsoii  in  crusts  of  impetigo  from  the  head  of  a  child,  but 
levideiitly  nut  as  the  cause  of  the  diseat^e. 

Penicillium  Glaucum  is  the  common  blue  mould  which  grows  almost 
lunivei'sally  on  articles  of  fcH)d,  and  all  kinds  of  decaying  aniuml 
matter  in  moist,  dark  situations.  Its  upright  conidiophores  divide  into 
sniiilJ  lirjincltes  so  as  to  form  a  sort  of  })rus))  of  filaments  at  the  end  of 
which  conidia  are  |)riidtir:ed.  The  latter  measure  on  a\i  average  3.5 m, 
while  the  threads  are  from  4  to  7»  in  rbameter.  It  grows  well  at  the 
ordinary  temperature  of  a  room,  best  between  70°  and  80°, not  at  all 
at  the  teiuficrature  of  the  body.  Injected  into  anima!s  it  is  entirely 
without  pathogenic  action. 

Mucor  Mucedo  is  a  white  mould,  found  mostly  commonly  on  fecal 
matti'r.  e.-»|iecially  horse-rlung.  It  forms  a  nullified  rayceliuui  in  the 
nutritive  material,  and  sends  up  fructi^;ing  hyjiluii,  on  whicli  spherical 
sporaggia  are  formed.  In  the  interior  of  these  the  spores  are  pro- 
duced and  are  set  free  by  bursting  of  the  sporarigium.  The  spores 
aic  from  8  to  37,"  in  diameter.  If  grov  ii  under  the  surface  of  a 
nutritive  fluid  mucor  jiroduces  only  oval  cells  resembling  those  of 
ycivst,  Ii  grows  at  ordinary  temperatures  and  also  at  that  of  the 
hunifin  body.      Injected  into  animals  the  spores  are  without  effect. 

Two  other  species  of  the  same  genus,  viz.,  Mucor  rliizopodiforuiis 
and  M.  coryniliifcr,  have  been  found  by  Lichlheim  to  be  pathogenic 
in  nibbits.  If  the  spores  are  injected  into  the  blood,  after  an  incuba- 
tion of  twenty-four  hntns,  illness  is  produced  which  cauwes  death  in  two 
or  three  days.  The  kidurys  arc  found  greatly  enlarged  and  containing 
growth  of  fungus-mycelium.  The  same  is  seen  in  a  marked  degree 
in  the  I'eyer's  jiatches  of  the  lower  end  of  the  ileum  as  well  as  in  the 
mesenteric  glands  and  spleen.  Tlie  Peyer's  patches  are  swollen  and 
ulcerated.  No  growtli  is  found  in  other  organs  except  .sometimes  in 
the  lungs.  Dogs  are  urinflected.  It  cannot  be  certainly  said  whether 
the  human  luidy  would  pns.-«e.ss  stny  iuiniuriity.  Two  other  species  of 
mucor,  M.  pii,«illii.>^  and  M.  ramosns,  have  been  found  by  Lindt  to 
produce  the  same  morliid  changes  in  rabbits,  the  organs  afl'ected  being, 
as  in  the  other  case,  kidneys,  intestine,  mesenteric  glands,  s])leen,  and 
with  an  intensity  rejiesented  by  the  order  of  enumeration. 

Pathog'enic  Fungi  of  the  Human  Skin — Trichop/ii/ton  tonsurans. 
This  fungus,  the  cause  of  ringworm  or  tinea  tonsurans  of  the  scalp, 
tinea  cireinata  of  the  skin,  and  tinea  sycosis  of  the  beard,  is  most 
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nearly  allied  to  the  common  moulds,  but  differs  in  having  a  mirb 
simpler  structure.  Its  mycelium  consists  of  ramified  and  distinfJj 
septate  hyphae,  varying  in  size,  of  which  the  average  diameter  mirtT 
taken  as  G-T/*.     When  stained  with  methylene-blue,  a  central  pontt. 

Fio.  114. 


Trichophyton  f^^nsurans,  from  a  casi-  of  liuea  of  the  naild. 
Ramitied  septate  mj'celium,  stained  with  inethylene-blue.     X  400. 

which  takes  the  color  more  deeply,  is  readily  distinguished  from  a  l<s 
intensely  colored  sheath.  After  growing  for  a  certain  time  as  mycelium 
merely,  the  ends  of  the  hyphae  break  up  into  spherical  cells,  whiti 
separated  by  fission  or  "abstriction  "  constitute  the  conidia,  generdly. 
but  less  accurately,  called  spores.  They  look  rather  polygonal  nith 
a  high  power.  These  are  usually  about  the  same  diameter  as'the  hypha. 
or  (3.5  ,"  on  an  average.  An  indication  of  this  process  i<?  seen  ai  "in- 
part  of  Fig.  114.  The  conidia  lie  in  the  same  plane  as  the  uivcoliuii:. 
and  there  are  no  ascending  hyphie,  conidiophores,  or  other  form  of 
fructification. 

It  is  not  easy  to  say  what  circumstances  determine  the  formation  '^f 
conidia.  Generally,  when  the  fungus  grows  in  epidermis,  or  the  uaik 
the  mycelial  form  preponderates.  In  the  hairs  of  the  head  the  coniilii 
are  so  abundant  that  mycelium  is  sometimes  seen  with  difficulty,  f-ut 
may  by  pro])er  T>reparation  be  traced  running  down  the  shaft  of  tht 
hair  (see  Fig.  115). 

Cultivation  Experiments. — This  fungus  has  now  been  repeate-ilj 
grown  out  of  the  body  by  methods  which  will  be  described  in  speaking 
of  bacteria.  The  result  is  to  show  that  the  trichophyton  is  a  spei-irf 
distinct  from  any  known  free-living  species  of  mould. "  It  grows  vkt 
slowly  at  ordinary  air  temperatures,  but  most  freely  at  about  84 '^  F.; 
which  is  probably  about  the  temperature  of  exposed  parts  of  thr 
human  skin.  According  to  Eisenberg,^  the  characters  of  the  culiivate«l 
fungus  are  as  follows : 

•  Bakteriologisolio  Diaitnostlk.     Seconil   edit.      Hnmbtirg   unci    Leipzie.     Ijss?     It 
Thin  and  Mos:<rs.  Morris-  and  Hendorson  liuve  made  similar  cultivations. 


tliic'k  scum,  wliite  iiliove  au\\  yellow  beneatb.  The  growth  Bucceoda 
best  on  blood- seTLirn,  tbe  surfiice  of  whicb  it  covers  "with  nfilm.  After 
some  days  it  turn^  yellow  and  liquefies  the  serum.  Tbe  mycelium 
brcjiks  up  into  spbericfil  couidiji  just  as  in  the  nattmd  growth.  No 
other  Inrui  of  fVuctifiaitioii  is  ever  observed.  The  fungus  thus  culti- 
vated liiis  bceu  inoi'iilitred  into  the  human  skin,  iind  produces  typical 
ring^  of  Tiueti  eireinuta  (Herpes  circinatiis}. 

Fi'om  the  !ib<ivtM'li:iniel«-r.<j  both  of  the  Uiitural  iind  cultivntid  fungus 
it  appears  that  it  differs  widely  from  the  natural  forms  such  a.s  Asper- 
gillus. Peuicillium.  or  Mucor.  Its  botanical  relation  to  these  forms 
mu'^t  lie  left  to  liotani."*!;*  tu  determine. 

Fatholog^ical  Relations. — The  trichophyton  grow.'*  on  the  human 
skin,  where  the  mycelium  makes  its  way  Ijctwcen  the  epidertnie  scjdes, 
cau:>ing  them  to  dcsquaiDate  or  raiJ^ing  tliem  up  iu  the  form  of  vesicles. 
By  outward  growth  from  «  centre  a  ring  is  foruie<l.  The  amount  of 
inflammation  produced  varies?  in  different  cases  :  sometimes  a  vesicular, 
sometiuus  a  pustular  eriifitioii  reS!uhit)g.  This  iiitlaiumation  is.  I 
believe,  largely  assisted   by  micrococci,  which  often   accrmipany  the 
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fungus-growth — probalily  iihvays  when  suppunition  cxxur* — uil  I 
liave  often  seen  tliem  in  vesicles  also.  Perluips  the  fimgu*  |)Trj«» 
the  soil  fur  the  growtli  of  micrococci. 

On  the  hairy  scalp  the  mycelium  also  spreads  in  the  epi(knbt).»( 
when  it  reaches  the  hairs  grows  down  insiile  llie  r'«»ot-shea!h.  arxl  tW 
penetrates  the  hairshiift,  causing  it  to  become  brittle  and  bmi4 
lit  this  way  the  scjily  patches  of  ringworm  with  broken  i^timip*^ 
hjiirs  are  proihiceil. 

The  haii-s  of  the  brurd  njay  he  aflected  in  the  same  wav,  proJiBi 
the  disease  called  paraKitic  sycosis  or  tinea  barbjc      In   this  (on  it 
fungus  f)enetrates  very  dt-eply.     Nails  are  aftecte<l  in  tbt-  -     i 
epidermis,  the  mycelium  penetrating  between  the  hornv  J  ' 
splitting  up  and  destroying  the  nail  (Fig.  114). 

The  identity  of  the  fungus  in  the  four  forms  of  disease  just  nttk- 
erated  is  shown  by  numerous  cases  in  which  the  contagion  of  m 
has  given  rise  to  the  others,  as  well  as  by  the  morphological  >;■;,'.; 
of  the  parasite. 

Similar  afl'ections  of  the  skin  are  found  in  several  <1  i 

and,  in  some  cases  at  least,  are  caused  by  the  same  j  II 

is  possible  there  nniy  he  other  spt;cies  in  certain  ca.'Ses. 

Achorion  Schoenleinii. — This  fungus,  the  cau.se  of  the  tit«'^« 
"favus"  in  man,  as  well  as  in  mice,  cats,  and  other  animals,  mee 
resembles  trichophyton. 

The  mycelium  consists  of  hyphre,  which  singly  couhl  not  be  'ii«ti»- 
guished  from  those  of  the  fungus  just  described,  but  form  v»  r 
masses  of  a  yellowisli  color  and  peculiar  odor.      Wlien  growjii. 
scalp  it  forms  cup-shaped  structures  surrouucling  the  hairs,  wii 
be  one-eighth  to  one-fourth  of  an  inch  across,  and  project  to  li"-  v. 
extent  above  tlie  surface.     By  confluence  of  these,  si  ill  largrr  a.-««- 
result.     On  examination,  this,  the  "•  favus '' growth,  is  ff- 
of  a  tiingled  muss  of  mycelium   and   conidia  with  tattv  .. 
matter.     This  jiroiktctiou  of  conspicuous  masses  is  the  great  d»«unco« 
between  the  two  parasites. 

The  achorion  mycelium  produces  conidia  precisely  in  the  «wue  w 
as  the  trichophyton. 

The  conidia  are  sometimes  said  to  be  larger  than    those  of  in<4»- 
phytnn.  and  have  been  describe<l  as  smaller  (0.2  to   <J..S  m  in  di«n«<«rt 
and  as  being  nmre  oval,     1  have  never  been  able  to  trace  nnv  .i.ii-Ur* 
ditVeivnee  in  size,  hut  the  elements,  both  hyplue  and  con 
generally  look   more  distinct  and   brilliant    than    t)io9e   «•!   '; 
species,  which,  jierhaps,  arises  from  their  having   a   higher  r- 
power;  mid  the  omidia  are  more  regularly  oval. 

Cnltivation  Experiments. — The  fungus  of  favus  had  Ijoen  m 
by  the  same  nielliod  as  that  of  ringworm.      It   groHs  verv  -' 
gelatine,  producing  white  roundish  colonies,  liiiurfvin^  tlie 
around  theui,  but  without  forming  conidia.     On  blrKid-seron)  r 
it  grows  well,  and  pfoiluces  oval  conidia.    At  the  ordinary  air 
tures  it  n»>t  only  ceases  to  grow,  but  absolutely  peri.shes.'     Th 
of  importance,  as  it  tnay  explain  why  favus   is  so    little  enu 
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being  rarely  tninsferreil  from  one  inilividiml  to  another^  so  that  cases 
commonly  occur  in  au  isolated  nianiaT. 

The  cultivated  fungus  lias  boen   iuocuhitt'd  into  animals  and  men, 
and  has  produced  typical  casfs  of  favus. 
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Ai'liori'iti  Bchoenleiuii.    (After  Bbistowk.  i 

L,  fine  hair  from  tnink  aljowinij  iiiyc«>liuin.    B,  ttiyix-liutu  ami  jpoPt*  frxm 

neiglilxirhocKt  of  a  fovns  eup.     -v^OH. 

Pathological  Relations. — (>ti  the  bare  skin  tlie  achorinn  pro- 
duces at  first  ap]iearances  much  like  those  of  triclinpliyton,  the 
mycelium  penetrating  between  the  epidermic  scales  and  producinfr  a 
ring  of  vesicles.  But  there  is  soon  ailded  to  this  the  formation  of  the 
yellow  faviis  cups  and  crusts,  wliicli  resnll  froiii  the  penetration  of  the 
fungus  into  the  hatr-slieaths ;  while  the  hair-shafts  are  also  affected 
and  break  off.  The  fungus,  however,  grows  much  more  deeply 
into  the  skin  than  the  trichojdiyton  {see  Fig.  117).  Hence  ulceration 
and  profound  lesions  of  the  skin  may  be  produced. 

It  has  often  been  suggested  that,  favus  and  the  differeni  fonns 
of  ringworm  may  be  produced  h\  the  same  fungus  with  some  difl'cr- 
ence  of  circumstances  i>r  Cfinstitutinn  in  the  patient.  But  tin-  details 
and  experiments  mcnti(uu'd  abuvf  make  it  (piite  clear  that  the  one 
parasite  always  produces  one  kind  of  disease,  and  the  other  a  dilfercnt 
kind;  while  the  ditlercnces  in  the  mode  of  growth  when  cnkivaled, 
though  slight,  are  constant.  The  clinical  differences  are  also,  at  least 
in  this  country,  where  favus  is  so  rare,  ijuite  conclusive,  since  no  one 
has  ever  seen  that  disease  give  rise  by  contagion  to  ringworm,  or  vice 
ver$a. 
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theory  .put  forward  by  Grawitz  that  achorion  and  trichophyton  are 
both  forms  of  oidium  lactis,  has  been  acknowledged  to  rest  on  an 
error. 

Microsporon  Furfur,  the  fungus  of  Pityriasis,  or  Tinea  versicolor, 
differs  considerably  from  those  last  mentioned.  Its  mycelium  consists 
of  ramified  hyphse,  which  show  little  definite  structure,  and  produce 
conidia  or  spores  at  their  free  extremities.  The  process  is,  however, 
very  different  from  that  in  the  other  skin-parasites.  Instead  of  the 
hyphae  breaking  up  into  conidia,  a  group  of  round  spore-like  bodies 
is  produced  by  what  looks  like  a  process  of  budding. 

The  spores  or  conidia  are  in  the  same  plane  as  the  mycelium, 
and  therefore  the  process  is  not  like  that  of  fructification  in  the  aerial 
moulds;  but  if  the  spores  were  produced  by  an  upstanding  conidio- 
phore  the  fungus  w^ould  much  resemble  Peni- 
cillium.  It  has  never  been  successfully  cul- 
tivated in  a  perfectly  pure  state. 

Patholog;ical  Relations. — The  mycelium 
penetrates  between  epidermic  scales,  but  not 
deeply,  and  conidia  are  formed  in  the  same 
situation.  There  is  no  sign  of  inflammation, 
properly  so-called,  set  up  by  the  parasite, 
but  the  epidermis  assumes  a  peculiar  brown 
or  fawn  color,  and  slowly  desquamates.  It  is 
transferable  from  one  person  to  another,  but 
only  by  somewhat  close  contact.  Slight 
itching  is  produced. 

This  fungus  sliows  a  remarkable  limita- 
tion in  the  parts  of  the  body  which  it  affects. 
It  occurs  on  covered  parts  of  the  skin, 
eapecially  the  chest,  abdomen,  and  shoulders, 
where  it  forms  the  well-known  discolored 
patches  known  as  Pityriasis  versicolor.  It 
may  rarely  spread  to  the  neck,  or,  it  is  said,  to  the  face.  I  have 
found  it  in  two  cases  among  scurf  or  dandruff  from  the  head.  It 
is  never  seen  on  the  extremities.  Warmth  and  a  fatty  condition  of 
the  skin,  from  sebaceous  secretion,  favor  its  growth.  The  natural 
history  and  botanical  relations  of  the  parasite  must  be  regarded 
as  quite  unknown. 

Blastomycet.b  or  Yeasts. 

These  are  distinguished  from  other  forms  of  fungi  by  consisting 
of  roundish  or  oval  cells,  which  multiply  by  simple  budding ;  a  pro- 
jection forming  at  one  part  of  the  cell  which  enlarges  till  it  grows 
like  the  mother-cell  and  forms  a  separate  cell,  which  either  breaks  off 
or  remains  attached  in  the  form  of  a  chain.  There  is  no  mycelium 
proper,  though  sometimes  a  tendency  to  form  such  a  structure  is 
observed;   nor  are  there,  generally  speaking,  any  spores  produced. 

But  in  artificial  cultivations,  spore-formation  may  be  brought  about 
by  special  conditions. 


Microsporon  furfur.  Group 
of  spores.     X    1000.    (After 

BRI3T0WE.) 
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Some  of  tht'  higher  fiui;il  (f.  _(/.,  tiiucoi),  as  im-utioneiJ  before,  may, 
af  one  stage  of  their  existence,  puss  throtj^rh  the  foriu  of  yeasts.  It  is. 
therefore,  possible  that  tlie  plants  now  spoken  of  may  be  transitional 
forms  of  some  higher  fungi.  But  this  is  a  botanical  problem  which 
need  not  be  discussed  hero;  since  the  forms  are  suiliciently  constant  to 
be  recognized  tis  distinct  species.  The  chief  (ihysiological  activity  of 
yeasts  consist  in  causing  fermentation  of  sugar,  that  is,  splitting  it  up 
into  alcohol  and  carbonic  acid. 

The  common  beor  yeast,  saecharoiiif/ft>g  (or  torula)  nereviaitr,  is  the 
most  important  species,  as  being  the  diief  causso  of  alcoholic  fermenta- 
tion. It  consists  of  oval  cells,  meas;uring  8-0  „  in  diameter,  occurring 
either  singly  or  in  short  chains. 

Saccharomyces  EllipBoideus  is  the  name  given  to  the  ferment  of 
wine,  which  is  constauth  found  in  ripe  fermenting  fruits.  It.s  cell.s  are 
somewhat  smaller  than  tiio-se  of  the  last  nameil  species,  measuring 
about  0",  and  occur  singly  or  in  short  chains. 

Another  species,  S.  mi/dodenna,  which  forms  the  scum  on  ferment- 
ing beers,  and  is  also  known  as  the  vinegar  phmt,  does  not  fer- 
ment sugar;  and  its  su[iptjsfil  jiowcr  of  converting  alcohol  by  oxida- 
tion into  acetic  acid  appears  to  ho  doubted.  It  is  mentioned  here  on 
account  of  its  likeness  to  the  chief  parasitic  yeast  of  the  human  body, 
now  to  be  spoken  of.  The  cells  of  8.  mycodcraia  measure  G-7  ^  long 
bv  --'J  broad,  and  form  long  liranrhed  chains. 

Saccharomyces  Albicans  is  the  purasite  of  thrush,  the  white  patches 
oflon  seen  in  the  umiiths  of  diildrcn,  esjiocially  while  fed  on  milk.  It 
was  formerly  calk'<l  oidium  albicans,  and  rei»arded  as  a  mould-funffus 
alHeil  to  llie  oidium  lactis,  which  it  must  i>e  said  greatly  to  resemble. 
It  is,  however,  most  like  the  8.  mycoderma.  and  lias  been  regarded, 
though  probably  incorrectly,  as  identical  with  tliat  fungu.s. 

S.  albicans  consists  of  spherical  or  oval  cells  which  remain  unite<i  in 
long  chains,  and  sometimes  grow  into  threads  which,  however,  are 
cylindrical  cells,  ten  to  twenty  times  as  long  as  tldck.  The  .^mail 
cells  are  'j.o  to  5  a*  in  diameter.  The  fungus  can  be  cultivated,  and  has 
some,  though  not  much,  power  of  fermenting  sugar.  It  is  said  that 
it  will  produce  the  same  diseases  in  fowls.  Fowls,  as  well  as  sucking- 
cahes,  are  subject  to  a  spontaneous  affection  identical  with  that  of  the 
huunin  infiint.  This  fungus  grows  a.<  a  |>arasite  upon  the  mucous  sur- 
fiicc  of  the  month  and  sometimes  of  other  parts  of  the  nlimentary 
cann!.  I  have  seen  a  great  part  of  the  ileum  covered  with  a  growth 
of  the  parasite,  the  surface  over  ttie  Peyer's  patches  being  singularly 
e.vempt.  The  case  was  that  of  an  infant  who  died  of  atrojjh}'.  It  i« 
stated  that  the  fungus  has  been  known  in  one  insliiiice  to  pasis  into  the 
circulation  and  cnuse  embolism  of  the  brain  (R.  Wjigncr):  but  in  gen- 
eral it  has  no  pathological  results,  except  sonieliuies  a  sliglit  amount 
of  local  intlamination  ;  but  even  this  is  not  often  seen.  Its  fennenta- 
tive  action,  if  any,  is  e.xerted  only  on  the  contents  of  the  digestive 
tract,  not  on  the  tissues. 

Parasitic  Yeasts  of  the  Skin — It  does  not  seem  to  be  generalk 
recognized  that  at  least  one,  and  jiossibly  two.  species  of  veost-fntigus 
are  normally  parasitic  as  epiphytes  upon  the  skin. 
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Sacoharomyces  capillitii  is  very  commonly  met  with  in  the  midst 
of  the  scurf  on  the  scalp,  especially  when  this  is  abundant,  in  the 
condition  called  pityriasis  (or  Sebor- 
rhoea  sicca  of  some  authors). 

It  forms  little  oval  cells,  which  ap- 
pear to  me  to  correspond  precisely  in 
size  and  form  with  the  species  called 
S.  ellipsoideus  from  fermenting  fruits, 
though  I  would  not  on  that  account  say 
that  it  is  the  same  species  (Fig.  120,  b). 

In  certain  moist  parts  of  the  skin,        si^^^    ^Ifc     0Am^ 

more   especially   in    the   brown    scaly     ^feP  |.        ^  ^tmOlk <^ 

catches  on  the  inner  side  of  the  thigh  -„     ,  , ,,    ,  , . 

,,    ,  ,  T  1  A  "    tf   Sacchan)nivco«  ol  tlie  liuman  skm- 

called  erythrasma,  I  have  often  seen  a    „^  j^^^^,^  "j^^j.^p^  jj^^j^^,^  f^„„ 
similar  organism  attaining  a  somewhat       from  m.,ist  skin :  6,  common  fonn 
larger  size,  and  sometimes  growing  into       from  the  scalp,   x  "oo. 
longer  chains  (Fig.  120,  a).     AVhether 

this  is  the  same  species  as  that  of  the  scalp  or  not,  I  cannot  positively 
say.  I  have  cultivated  it  so  far  as  to  get  a  large  multiplication  of  the 
cells,  which  were  in  the  cultivation  more  spherical,  but  not  with  sufficient 
success  to  form  any  positive  opinion. 

Bizzozero  has  described  two  species  of  saccharomyces  from  the  skin 
as  S.  ovalis  and  S.  sphericus,  which  appear  to  agree  with  these  two 
forms.  Other  observers  (Oudeman  and  Pekelharing)  have  cultivated 
them  and  arrived  at  the  conclusion  that  they  are  one  species.  Lutz 
has  made  some  similar  observations.' 

Without  deciding  the  question  whether  these  organisms  represent 
one  or  two  species,  it  is  interesting  to  inquire  whether  they  exert  any 
effect  on  the  skin,  or  whether  they  merely  live  as  saprophytes  in  the 
dead  epidermic  scales.  Considering  how  often  they  are  found  in  scaly 
conditions,  and  in  numbers  proportionate  to  the  amount  of  desquama- 
tion, I  am  led  to  believe  that  these  fungi  are  instrumental  in  causing 
overgrowth  and  desquamation  of  epidermis.  It  is  possible  that  this 
may  not  be  a  morbid  process,  but  a  normal  means  of  loosening  the 
dead  epidermis-scales,  and  thus,  in  a  moderate  degree,  beneficial.  At 
all  events  it  seems  a  mistake  to  speak  of  these  parasites  as  merely 
accidentally  present,  since  they  certainly  grow  and  multiply  on  the 
scalp ;  and  probably  if  too  numerous  are  actually  the  cause  of  the 
pityriasis  or  dandriff.  It  has  been  thought  that  they  are  also  the 
cause  of  falling  of  the  hair,  and  thus  of  partial  alopecia ;  a  theory 
which  seems  to  require  further  demonstration. 

On  the  whole  it  seems  that  the  yeasts  have  little,  if  any.  pathogenic 
effect,  and  this  might  be  expected  from  the  fact  that  their  fermentative 
action  appears  to  be  exerted  only  on  vegetable  substances,  such  as  sugar. 

ACTINOMYCES   OR    RAY-FUNGUS. 

A  remarkable  form  of  parasitic  plant,  the  botanical  position  of 
which  is  still  uncertain,  is  recognized  as  producing  the  disease  called 


1  See 


Bau'ugarten's  Jahrosbfricht  liber  Mikr.>i'rgiini.«men  for  ISgR,  p.  33S. 
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Actmonit/cogift  in  man  aiMl  otfioraninirils.  It  is  known  as  Actinomyces 
or  Ilay-fungus,  and  ^irows  in  ruundisli  masses  varying  in  size  from 
giuins  just  visible  to  those  as  large  as  a  liempseed,  of  a  yellow  color 


yjp'^ 


0' 


Acliiudiiyivs.  from  a  on«e  of  ilii^^i^  jq  mnn.     i  Pr««p«r«v|  by 
Dh.  Ari.ASi)  from  ;i  ^[leciiiitin  of  D^.  Isirakl's.) 

and  gnunilar  surface.  Oji  microscopical  examination  these  lumps 
have  the  appearance  represented  in  Fig.  121.  being  composed  of  a 
nunilior  of  radiating  threads  with  swollen,  clnh-shaped  ends,  forming 
a  sort  of  rosette.  Some  fragments  broken  ofl'  are  also  represented. 
In  some  !<pcfimen.s  narrow  threads  like  hy[due  are  seen  forming  coils 
in  the  central  parts,  or  in  one  or  two  instances  growing  perij)hcrally 
out  of  the  mass.  These  threads  have  been  supposed  to  he  the  mycelium 
of  n  inould-fungits.  but  are  probably  rather  a  form  of  lejjtothrix  or 
L'ladothrix  belonging  to  the  scbizoniycetes  which  will  be  spoken  of 
afterward.  It  ha<  also  been  thought  that  they  represent  a  iliflerent 
organism  to  the  club-shaped  rays.  Bnt  recent  researches  tend  to  show 
that  these  threads  are  the  living  part  of  the  plant,  while  the  niys  are 
degenerated  or  iuvobttionary  forms.     The  latter  are  often  calcifie<l. 

Cultivation  Experiments. — Ho.strijm  has  succeeiled  in  cultivating 
the  fungus  from  the  <x'iitral  coils  of  tlireads,  the  rays  remaining  sterile. 
By  ^-pecial  iiietho<ls  of  i-ultivation  a  fungu.s  wa.s  obtaine<l  agrtHidng  in 
all  essential  particulars  with  tlie  actinoniyces  of  Imman  and  bovine 
diseasie.  showing  long  threads  like  leptothrix  or  cladothrix.  micrococcas 
forms,  and,  under  certain  circumstances,  the  club-shaped  rays.  It 
was  inoculated  into  several  animals,  with  the  result  of  reproducing  tlio 
original  disease. 

Actinomycosis. — The  remark''     '      <  '        '  Ijy  tins  funj 

was  first  observed  in  cattle,  an<l   ■  Tti   crjftif' 

most  commonly  begins  in  the  uioutii  h, 

and    hard    mas^"«^   i"    f'"^'    r.-tu'ii'-    <  \\ 

tongue,"  and  ) 
internal  organ 
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described  under  various  names,  such  as  lymplioma,  sarcoma,  o8teo- 
sarcoma,  etc.  The  charactere  of  these  tumors  in  animals  are  thus 
described  by  Jobnne.  They  consisst  of  a  variiiblc  number  of  lumps  or 
nodules  varying  in  size  from  a  hemp-seed  to  a  pea,  which  are  inibeddod 
in  a  connective-tissue  stroma.  On  section  the  imbedded  nodules  are 
seen  to  be  yellowish  granular  masses,  most  of  which  are  softened  and 
surrounded  by  purulent  or  creamy  fluid.  The  softened  masses  are 
easily  pressed  out,  and  then  the  tumor  shows  a  honeycombed  or  sponjry 
structure  which  is  very  characteristic.  The  imbedded  nodules,  when 
not  softened,  are  foun<l  to  show  the  structure  of  a  typical  tubercle  with 
giant  cells,  epithelioid  cells,  leucocytes,  and  fibroid  tissue,  theactinomyces 
fiingus  acting  as  the  centre  of  irritation.  Except  for  the  presence  of 
this  fungus,  there  would  be,  according  to  Johnne,  no  difference  between 
the  nodules  and  tubercles — a  fact  which  confirms  the  explanation  of 
the  origin  of  tubercle,  formerly  given  (p.  8GG).  The  mass  does  not, 
however,  undergo  caseous  degeneration  as  a  whole,  but  nither  tends  to 
suppuration.     The  actinomyces  body  often  becomes  calcifie<l. 

The  disease  is  commonest  in  horned  cattle,  but  may  rarely  affect 
swine  and  horses.     The  carnivora  appear  to  be  exempt. 

Actinomycosis  in  man  is  a  rare  disease,  not  more  than  forty  or  fifty 
cases  being  known,  and  in  this  country  very  few  have  brcn  recorded. 
The  first  undoubted  cases  were  observed  by  Drs.  Acland  and  Sharkey 
and  Mr.  Shattock  in  St.  Thomas's  Hospital,  affecting  the  liver.  In 
one  instance  an  old  museum  specimen  described  as  scrofulous  disease 
was  proved  by  Mr.  Shatt<'ck  to  belong  to  this  affection. 

The  tendency  of  the  morbid  products  in  man  is  to  suppuration 
rather  than  tumor-formation  ;  large  abscesses,  or  else  foci  of  Kiippuni' 
tion  in  a  spongy,  honeycombed  structure,  being  produced  in  the  ii^'^rr, 
and  diffuse  burrowing  su])puration  in  other  parts,  such  n.s  the  jawi;.  in 
the  thoracic  walls,  and  in  front  of  the  vertebne,  or  in  the  mc<JiaKtiriUiA. 
Solid  tumors,  like  those  of  cattle,  have  rarely  been  obKerve*L  hu: 
smaller  masses  of  tubercular  appearance  are  often  seen  in  the  Uvvr. 

According  to  James  Israel,  there  are  tbree  ways  in  whicL  tit  f'jt,- 
gns  may  enter  the  body :  (1)  By  the  mouth,  first  lodgini;  in  v/ajh  *»'  i. 
place  as  a  carious  tooth  or  the  crypts  of  the  tonsils,  and  iLvjj  yit**..ii'/ 
into  the  alimentary  canal  or  into  the  bones  of  the  jawi>:  ii,  Hv  •:,'- 
respiratory  tract,  finding  a  lodgement  on  the  bronchial  u.u'.^.'vt  «,<'.•;. 
bnne  or  in  the  lung-tissue,  and  spreading  to  the  pleura  irx**;  yjrf.::  ■■ 
ine  connective-tissue;  (3)  By  the  intestinal  tract,  prvdw? :.;r  *.:•■ 
fieial  lesions,  and  extending  to  the  peritoneum  and  abd'^iu..;.*.  «;» 

by  mestastasis  to  the  liver.     In  some  cases  the  cLaiui*'.   v  >  v 

^fhngu  haa  entered  the  body  cannot  be  traced.    Itv*^.  •::..■       ^- 
I  diat  food  is  probably  in  all  cases  the  orijciiiaJ  kiv<'>:  >,*  '    ■ 

i^the  fnngus  being  contained  in  grain  w  V5ij*r  f'/t'> 

~~   ^gg^sts  that  possibly  v/aut  vS  a*  v.'/%  •  •    -  --  " 
'^"    '%ee  chajjter  on  BacUfria  aufci  v  *     ._•       ''I 
\    Soltmann  hat  iudwfC  vv>r,  •   -    :--'''"'^ 
tally  swallowed,  »'iu*a  i*.  '^■■'  ■;  -•  •"  *,. 
^uced  either  a  ib«d«(R.sL!t  >.■  ■■■  —  ■'  ^''^ " 
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tion  round  the  vertebral  column  and  other  parts.  Even  the  lungs  w 
be,  as  Israel  suggests,  infected  through  food,  by  aspiration  of  initttv 
material  from  the  mouth  into  the  air-passages. 

All  the  cases  at  present  observed  in  this  country  in  the  huiDaii«i- 
ject  have  been  abscesses  of  the  liver,  which  have  a  peculiar  b'leej- 
combed  appearance  usually  distinguishing  them  from  other  absceqe. 
The  only  proof,  however,  of  the  real  nature  of  the  disease  is  the  * 
covery  of  the  antinomyces-granules  above  described.  In  solid  tis* 
these  are  easily  seen,  but  their  discovery  in  pus  may  beanatttr^ 
some  difficulty.  The  resemblance  of  the  smaller  masses  to  tubmfe 
is  so  great  that  some  have  doubted  the  mycotic  character  of  thefr 
ease,  and  even  the  organic  nature  of  the  radiated  bodies.  But  hiia 
researches  have  sufficiently  established  these  points.^ 

Madara-foot  or  Mycetoma. — This  disease,  the  "  fungus-fn^  i 
India,"  is  a  remarkable  instance  of  the  fiingus  growing  in  the  tis« 
of  the  human  body.  It  may  be  defined  as  a  diseased  condition  d  a 
hands  and  feet,  characterized  by  enlargement  and  distortion,  doeii 
thickening  of  the  skin,  with  degeneration  and  caries  of  the  bcw 
leading  to  the  formation  of  sinuses.  From  these  sinuses  are  di8d>ai|(i 
certain  roundish  concretions,  which  in  one  form  of  the  disease  arejii 
lowish  and  as  large  as  millet  seeds,  in  another  form  are  dark  bron« 
black  and  like  grains  of  gunpowder.  The  black,  but  not  theyeliw, 
bodies  are  found  to  consist  of  a  fungus-growth,  forming  a  regultriH- 
celium  and  black  masses  which  have  been  compared  to  the  trele' 
fungus.  This  parasite,  called  Chionyphe  Carteri,  has  been  genenBj 
regarded  as  the  cause  of  the  disease  ;  but  Messrs.  Lewis  and  Ounnin* 
ham  think  that  it  is  merely  a  parasite  of  the  kin«l  which  we  call  ap» 
phytes,  growing  in  the  necrotic  tissues.  If  this  be  so,  the  acta 
cause  of  the  disease,  which  is  confined  to  India,  is  quite  unknown. 

'  See  J.  Harley,  "  On  a  case  of  so-calloil  Autinoniycosjs  of  the  Liver,"  SleiiK»-iV 
nirs;ioal  Transaetiiins,  vol.  Ixix.  p.  ISj;  aud  Prot^e<ling8  Me<l.-Chir.  S*-i«T  Ff* 
Porie.-*,  vol.  ii.  p.  25;  S.  G.  Sliattook.  Trans.  Path.  Society,  vol.  xxxvi.  p.  2*4:  T '' 
Aclaiid,  Trans  Path.  Soc.  vol.  xxxvii.  j).  54fi.  For  fuller  accounts  see  Jan)«  Isni 
Klinisohe  Beitriige  zur  Kenntniss  der  Actinomykose  des  Mensciien,  Berlin,  li-v- 


CHAPTER    XLVI. 

GENERAL  ACCOUNT  OF  SCHIZOMYCETES. 

The  most  important  class  of  plants  which  lire  as  parasites  in  the 
human  body,  are  the  schizomycetet,  or  fission-fungi,  sometimes  called 
collectively  "bacteria." 

Schizomycetes  are  very  minute  uni-cellular  plants,  containing  no 
chlorophyll  (and  thus  commonly  distinguished  from  algae),  which  mul- 
tiply by  fission,  or  simply  division,  as  well  as,  in  some  species,  by 
spore-formation.  Some  produce  spores  in  their  interior,  and  in  some 
the  elementary  cell  itself  becomes  converted  into  a  spore.  These  spores 
possess  greater  powers  of  resistance  and  stronger  vitality  than  the 
plants  themselves,  so  that  the  continuance  of  the  species  is  effected  by 
them,  from  one  season  to  another,  in  conditions  where  the  plant  is 
unable  to  grow.  They  are  hence  called  "  resting  spores."  The  sub- 
stance of  bacteria  is  an  albuminous  material  called  "  mycoprotein  "  by 
Nencki.  The  outer,  condensed  portions  of  their  body  forming  a  mem* 
brane,  contain  also  a  cellulose.  This  membrane  possesses  great  powar 
of  resistance  to  the  action  of  acids  and  alkalies.  The  forms  of  these 
organisms  are  spherical,  rod-like,  or  spiral.  They  sometimes  grow  out 
into  long,  jointed  threads,  and  are  occasionally  united  in  colonies  in 
which  the  individual  cells  are  united  by  a  transparent  jelly. 

Specific  Differences. — With  regard  to  these  forms  the  important 
question  arises,  whether  they  are  distinct  species,  or  whether  one  spe- 
cies is  capable  of  existing  in  several  different  forms.  This  has  been  a 
controverted  question  for  a  great  many  years,  and  is  by  no  means  easy 
of  solution.  If  we  examine,  for  instjince,  a  putrefying  liquid  we  may 
find  at  one  time  a  great  abundance  of  rod-shaped  organisms  (Bacterium 
termo) ;  at  another  time  we  may  find  in  the  same  liquid  spherical 
forms  or  micrococci,  and  at  another  time  rods  differing  from  those  first 
seen.  It  may  accordingly  be  supposed  that  these  forms  are  developed, 
ope  out  of  the  other,  being  successive  phases  in  the  growth  of  one 
plant.  On  the  other  hand,  it  is  possible  that  all  these  forms  may  be 
different  species  which  grow  successively  in  the  liquid,  all  being  pres- 
ent from  the  first ;  and  that  they  replace  one  another  either  because 
the  nutritive  material  suitable  for  the  first  is  exhausted,  or  because  the 
second  is  more  successful  in  feeding  itself  and  starves  the  first,  or  again 
because  germs  of  another  kind  have  obtained  entrance  in  the  meantime 
and  have  a  stronger  vitality  than  those  originally  present.  Either  of 
these  explanations  might  be  plausible  and  each  has  been  proven  to  be 
true  in  certain  cases.  Certain  bacteria  have  been  clearly  shown  to 
pass  through  different  phases  of  existence  as  micrococci,  short  rods, 
long  rods,  and  colonies.     This  was  proved  by  Ray  Lankester,  in  1873, 
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for  his  Bacterium  rubescens,  since  called  Beggiatoa  ro8eo-per*ica, 
and  by  Lister  for  Bacterium  lactis.*  On  the  other  hand  in  pmnfti; 
fluids  the  forms  successively  observed  are  certainly  in  most  «?*>'< 
different  kinds.  Moreover,  it  has  been  clearly  shown  that  bu:;- 
microorganisms  maintain  the  same  form  and  characters  througliiurj 
generations  and  under  different  circumstances. 

The  conclusion  is  that  some  species  exist  in  one  form  only;  iL- 
others  pass  through  several  developmental  forms.  The  former  s^ 
called  monomorphic  and  the  latter  pleomorphic.  To  •which  clas.«ni 
species  belongs  can  only  be  determined  by  observation  and  experinfiL 
and  with  regard  to  many  it  is  still  uncertain  to  which  they  M'Mt 
The  microorganisms  which  produce  disease  are  for  the  most  [«n.*- 
far  as  at  present  known,  either  monomorphic,  or  show  only  a  linuw 
range  of  development.  It  should  be  borne  in  mind  that  the  plwDff- 
phism  of  certain  species  by  no  means  implies  the  possibility  of  Am: 
ing  one  into  another.  There  is  every  reason  to  believe  that  themj* 
isms  of  specific  diseases  are  as  constant  in  their  specific  characters* «r 
know  the  diseases  themselves  to  be. 

Distribution. — The  schizomycetesare  more  witlely  diffused  in  nate 
than  any  other  plants  or  animals,  even  more  so  than  the  mould-fiiii?. 
All  natural  water  contains  them,  or  their  spores,  and  thev  mavbefcot'i 
on  all  surfaces  exposed  to  the  air.  No  space,  except  oneartificiallvp?.' 
duced,  is  free  from  them.  This  is  shown  by  the  fact  that  a  drop  "fay 
kind  of  water  (even  distilled,  according  to  Klein),  or  any  fragineni  ^ 
substance  which  lias  been  exposed  to  the  air,  will  set  up  a  growtb  <: 
bacteria,  if  placed  in  suitable  conditions ;  they,  therefore,  spriDi.'  r 
everywhere,  provided  that  tlie  conditions  of  growth  are  present,  tlr* 
conditions  of  growth  api)eav  to  be  mainly  two,  namely,  nioistun-  aii 
the  presence  of"  some  nitrogenous  material  which  .serves  as  their  f": 
for  bacteria,  unlike  most  of  the  higher  plants,  do  not  build  uj-  lu' 
tissue  out  of  sirai)ly  mineral  substances,  but  for  this  purpose  split  i;? 
or  decompose  organic  or  at  least  com])lex  materials.  A  certain  n'.it 
of  temperature  is  also  necessary.  They  cannot  grow  under  fre<iui;- 
point,  though  they  may  retain  their  vitality,  and  all  species  apjxsr  :■ 
be  killed  by  a  tt-mperature  of  about  G0°  C  The  spores  of  s-'ist 
species  are,  however,  not  destroyed  by  heating  to  boiling-point,  iu' 
retjuire  a  temperature  of  120°  or  180°  to  kill  them  completelv.  Mft 
of  the  bacteria  of  disease  will  only  grow  at  a  temperature  etnial  t.». '•: 
approaching,  that  of  the  human  hotly. 

The  part  which  bacteria  play  in  nature  is  very  important.  Cfrt-n- 
species  live  in  dead  organic  matter,  and  are  the  direct  cause  of  pu'r:- 
faction.  IJy  their  action  the  dead  bodies  of  animals  and  planti«  if 
resolved  into  snltstances  which  can  be  incorporated  with  the  soil.  »at'-r. 
or  air.  Without  them  the  earth  Avould  be  encunibored  with  <lt^(l  or- 
casses.     Other  sj  ecies  are  the  direct  cause  of  the   fertilitv  of  soil-  ■'• 

1  Lanko-'ter's  olisiTvatimis  w.ti'  tlio  tirst  whifh  <k'(lliil<>ly  OHtaUlishoil  ih*  :••■■•'■■ 
ooiiiipotion  fifscviTiil  I'lirins  wliich  wore  t lien  regurdoil  as  distinct  specie?.  ivjii»rt.r.' 
.loiiriKil  Mii'io-i'.  Si'ioin'f>.  N.S.,  vol.  xiii.  p.  4()S.) 


converting  niniiioiiiacitl  .substance*  into  uitriitcs  which  mv  ahsorlicd  by 
plants.  Other  hacteria  Hn^  the  cause  of  uianv  changes  called  fernien- 
tations,  Ijy  which  complex  oro;Anic  suh>*t!inces  are  split  up  into  simpler 
chemictil  eouihinations.  Looking  at  the  etlects  produced  by  bucteria 
out  of  the  boily,  it  seems  by  no  means  sur|irising  thut  if  any  species 
are  ciipahle  uf  living  within  the  body  they  should  produce  very  impor- 
tant clumges  there. 

Tl»e  niiture  of  the  chemical  processes  set  up  by  bacteria  in  albu- 
minous mutters  Is  very  significant.  In  putrefaction  certain  substances 
called  ptuniiiines  are  produced,  which  hiive  great  resemblance  to  vege- 
table alkaloids,  and,  like  some  of  them,  are  poisonous.  Similar 
substances  have  actually  been  found  to  be  formed  in  the  living  body  in 
certain  intlatnmationy.  We  see,  then,  that  the  action  of  bacteria  in 
the  body  will  not  only  be  to  cause  active  tissue-eliange,  hut  to  produce 
injurious  or  toxic  substancea.  Besides  the  toxic  alkaloids  or  ptomaines, 
which  xive  functional  poisons,  we  must  conclude  that  bacteria  produce 
ferment-like  substances,  which  act  aj*  tismue  jwigons,  hut  the  .^ejjaiation 
of  them  frnti)  the  organisms  producing  them  is  very  ilifficult.  (JSee 
Chapters  XXXI.  ami  XXXiL) 

The  [ihenomena  of  specific  infective  iliseases  have  for  a  long  time 
been  compared  to  fermentation,  and  the  tenn  zymotic  or  fermentative 
diseases,  now  used  in  oflicial  returns,  expresses  this  analogy.  This 
comparison  must  not  be  pressed  too  closely,  for  by  fermentation  wo 
understand  certain  definite  chemical  decom(»ositions,  and  the  cfiemical 
changes  which  occur  in  disease  are,  from  the  number  of  substances 
which  can  be  acted  upon,  very  uiimeroiis  and  comple.v.  But  the 
analogy  between  the  chemical  changes  which  occur  in  disease  and  fer- 
mentations is  clear. 

Bacteria  which  do  not  Produce  Disease. — Before  speaking  of  the 
bacteria  which  actually  produce  disease,  it  will  be  well  to  say  a  few 
words  about  thc>*e  other  forms,  which  may  in  Some  cases  be  associated 
with  the  human  body,  but  sire  not  pathogenic. 

The  bacteria  which  set  up  putrefaction  may  be  distinguished  as 
faproijenic  or  septic.  There  are  probably  many  species  which  act  thus. 
The  best  known  form,  calle<l  Bacterium  termo,  is  not  now  recognized 
as  one  distinct  species,  but  probably  covers  several  sfiecies.  Among 
those  which  have  been  cultivated  arc  species  of  t!ic  genus  Proteus 
(Hauser),  which  will  he  described  farther  on;  Itut  there  is  still  some 
uncertainty  as  to  the  precise  organisms  concerned.  The  results  of  the 
chemical  activity  of  septic  organisms  have  already  been  spoken  of. 

Another  group  of  bacteria  live  in  organic  liqui<ts  or  solids,  as  milk, 
cheese,  Imtter,  bread,  and  produce  certain  chemical  changes,  consisting 
in  splitting  up  cuniplex  into  simpler  combinations.  These  cliangos 
are  called  fermentations.  Examples  are  the  production  of  vinegar 
from  sugar  by  Bacterium  aceti;  of  lactic  acid  from  milk  by  Bacterium 
lactis ;  of  amnumia  from  urine  bv  Micrococcus  ureaj ;  and  of  butyric 
acid  by  Bacillus  butyricus  (s<'e  Hg.  127).  Similar  processes  are  set 
up  by  the  growth  of  certain  mould-fungi,  as  in  alcoholic  fermentation. 
The  distinction  from  putrefaction  is  not  always  clear ;  but  the  name 
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Bncillus  pyocyauiMis 
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fermentation  is  given  when  the  chemical  decomposition  \»  eimpki 
definite,  not  complex.  These  bacteria  are  called  zymftgmu  « 
mentative. 

The  chemical  processes  set  up  by  certain  otiicr  bacteria  ramb'ai 
proiliiction  of  substances  having  a  conspicuous  color — red.  b!tie.j 
or  brown.     It  is  the  custom  to  call  such  a  brightlj-  colored  sal 
pigment,  as  if  its  functions  were  to  give  color  to  other  things ;  \mi 
distinction  is  evidently  an  artificial  one,  since  we  do  not  know  ikait 
optical  property  called  color  is  necessarily  connectctl  with  UT< 
properties,  physical,  chemical,  or  phy.siological.       NevertlidcBK. 
convenient  label  to  put  upon  certain  species    which    prodoee 
substances,  tliey  are  cjillcd  rhromoqenic. 

Examples  are  the  well-known  Micrococcus  prodigiosus,  prodndngf 
phenomenon,  once  thought   so  niyst«rio<oi. 
red  snow  ;  tljc  bacterium   of  blue  pus  (K.1 
aiu'iis)  souietitnes  seen  on    surgical  di 
Fig.  122) ;  a  peculiar  form.  Bacillus  cvi 
apparently  somewhat  coinuion  in  GermaQj,  < 
gives  a  blue  color  to  milk.     Other  rare  forms bn 
been  found  in  water  and  else%vhcri».  such  as 
teiiuui  rubescens  of  Lankester,  Microcoocosi 
cus  of  Koch,  and  others,  which  are  cultivBtKd  i 
bacteriol  ogical  1  aborn  t  ori  t-s. 

Bacteria  in  the  Human  Body. — Wo  will  now  consider  what  r^iattm' 
the  groups  above  mentioned  have  to  the  httuian  XhhIj. 

The  septic  bacteria  have  been  thought  to  be   the  cause  of 
diseases  ;  but  it  is  now  known  that  most  of  them  cannot  live  in  be 
blond  or  tissues,  being  soon  destroyed  if  they  are  introduced. 

They  may,  however,  live  in  desid,  that  is,  gangrenous  tarttii 
sometimes  in  tiie  products  of  disease,  (.rangrene  is,  in  fact,  thei 
faction  of  n  part  still  attached  to  the  body,  and  is  subject  to  the 
laws  as  other  putrefactions.  Disease  may  be  produced  if  the  proAn 
of  this  process  are  absorbed;  but,  generally  speaking,  the  ooasemtti* 
processes  which  are  set  n\>  [irevent  this.  M:isscs  of  dead  tii«ie,  A» 
result  of  accident  or  disease,  are  liable  to  similar  changes  if  the 
organisms  once  gain  access  to  them.  Hut  if  this  be  prevented  Ltj 
septic  luethods.  there  are  no  bacteria  and  no  putrefaction. 

Pus  or  other  morbid  |trothicta,  if  retained,  and  in  coranimikBtM 
with  the  air,  are  very  liabh-  to  harbor  sejitic  bacteria,  oa  we  oi-e  ia  tl* 
case  of  pus-cavities  in  the  lungs  or  dilated  bronchi,  tlje  content*  W 
•which  soon  be<'ome  putrid.  The  same  is  the  c-««e  wjtli  fiM|ia*4 
wounds  or  abscesses. 

It  is,  however,  true  that  certain  bacteria  have  been  found  io  W 
water  or  in  putrid  substances  which  have  been  shown  br  K«4»9 
produce  special  diseases  when  inoculated  into  animals.  Bat  lius* 
appear  to  be  s|>ecial  forms,  only  some  few  among  the  numer«>a«  «?>«»» 
of  putrefactive  bacteria,  and  each  of  them  affecUt  only  ime 
species  of  animals. 

In  the  intc$tinal  tract,  ii  large  number  of  bacteria  of  dtffereoti 
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are  often  foiiinl,  and  tliis  fact  has  been  used  as  an  argument  ajiainat 
the  patlKigenic  importiince  of  bacteria.  But  to  be  in  the  intestinal 
canal  and  to  be  in  the  tissues  are  very  different  things.  Man  is,  it 
should  be  rerncmbored,  a  hollow  animal ;  it  is  only  when  something 
has  passed  fivmi  the  intestinal  cavity  into  the  tissues  that  it  can  be 
sail]  Ut  be,  strictly  speaking,  in  the  hoijy.  Ikit  althuiigh  it  is  very 
probable,  if  not  certain,  that  chemical  products  resulting  from  the 
action  of  bacteria  may  be  absorbed,  there  is  no  proof  that  tlie  bacteria 
themselves  pass  in.  Either  the  intestinal  walls  are,  like  the  epidermis, 
impervious  to  them,  or  else  they  are  ut  once  destroyed  on  entering  the 
blood. 

Fii  the  stomach  we  find  the  Sarcina  ventriculi,  now  regarded  as  a 
microcoeeus,  having  a  peculiar  an-angement  in  bundles  of  four,  It  is 
found  in  healthy  and  diseased  states,  much  more  abun<lantly  in 
the  latter,  but,  m  far  as  we  know,  does  no  harm.  In  small  intestines 
many  bacterial  forms  are  found,  which  live  upon  and  aft'ect  the  food, 
not  thf  tissues;  probably  assisting  the  processes  of  digestion  by  a  sort 
of  fermentative  action.  In  the  large  intestine  putrefactive  haetcria  are 
abundant,  and  doubtless  have  a  large  share  in  producing,  by  putrefac- 
tive changes,  the  s[)ecial  chemical  constituents  of  the  fece^. 

It  Luii  been  found  by  Escherich  that  the  meconium  of  infanta  which 
have  not  breathed  is  entirely  free  from  bacteria,  but  that  microiirgan- 
isms  appear  in  the  e.xereta  before  fwd  is  taken — in  some  cases  four 
hours,  in  others  not  till  eighteen  hours  after  birth.  They  appear  to  he 
introduced  with  tlie  air  which  is  drawn  by  infants  into  the  lesophagus 
by  swallowing  and  sucking  movements.  After  twenty-four  liours  they 
increase  in  number  and  severa!  species  appear.  On  a  pure  milk  diet 
two  species  predominate  so  much  as  to  aj>pear  as  if  they  were  the  only 
organisms  present,  viz..  Bacillus  eoli  cummunis  arid,  in  less  number, 
Bacterium  lactis  aerogenis.  The  latter  decomposes  the  sugar  of  milk, 
A  rpiite  diOferent  species,  called  Bacillus  putrificus  eoli,  is  found  con- 
sUmtly  in  other  feces,  but  wanting  in  that  of  infants  fed  only  on 
niother's  miik  (liienstock).  These  facts  show  that  the  bacteria  of  the 
intestines  are  related  only  to  the  intestinal  contents,  and  are  pure 
Baprophytes.  In  the  rabbit's  intestine  bacteria  ])vnetrate  normally 
into  the  lymphatic  fullicles.  especially  of  the  vermiform  appendix,  but 
not  into  the  deeper  part*  of  the  intestinal  w.iUs,  in  liealthy  con- 
ditions. 

If,  however,  the  mucous  membrane  be  deficient  and  ulcerated,  these 
bacteria  may  penetrate  the  intestinal  wall,  and  even  be  ca,rried  to  the 
lymplr-gliuids,  thniigh  this  \s  no  proof  that  they  caused  the  disease 
which  produced  the  ulceration. 

The  mouth  is  inhabited  hy  several  raicroorgunisras.  Spirochtete 
plicJitilis,  in  the  furni  of  long  tlireads,  occurs  in  the  tartar  of  the  teeth. 
A  vibrio,  resembling  the  comnia-bacillus,  has  been  found  by  Lewis 
in  healthy  persons  Anotiier  comma-bacillus  or  vibrio  lia-s  been 
found  in  eonneeti(m  with  caries  of  teeth,  though  it  is  not  clear  that  it 
i8  the  cause.  Miller  has  isolated  no  less  than  twenty-five  difierent 
species  of  bacteria  fi'om   the  mouth.     The  form  most  often  seen   is 
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Bacteria  from  the 
mouth,  a,  l<>ng  Ihreuda 
usually  called  leptothrix 
buccalis ;  b,  finer  threads; 
c,  bacilli ;  d,  micrococci  ; 
X  600. 


usually  called  leptothrix  buccalis ;  but  it  is  clear  that  this  nameorffl 
more  than  one  species  (see  Fig.  123). 

In  the  respiratory  tract  many  microorganisms  are  found  whki* 
not,  so  far  as  we  know,  produce  any  disease,  but  live  in  the  deadw- 
thelial  cells,  mucus,  or  morbid  products  of  At 
mucous  surfaces.  They  are  often  smi  c 
sputum,  and  can  be  distinguished  by  rtajas 
from  the  pathogenic  organisms,  especially  il« 
tubercle-bacilli,  which  occur  there  in  disewi 
conditions  of  the  lungs  or  air-passages.  Tlaj 
are  either  micrococci  or,  in  cases  of  putrid  ex- 
pectoration, septic  bacteria. 

In  the  nose  micrococci  are  found  nonnjEj. 
and  especially  in  cases  of  oza?na,  where  if 
organisms  doubtless  cause  the  putrid  decomp 
sition  of  mucus,  etc.,  but  are  not  shown  to  \< 
the  original  cause  of  the  disease. 
Urine,  when  retained  by  paralysis  of  the  bladder  from  spinal  dis- 
ease or  stricture,  very  oft>n  contains  organisms — usually  the  Micr*)- 
coccus  urejB,  which  produces  ammoniacal  fermentation  ;  hen«  die 
alkalinity  of  the  urine.  But  it  is  doubtful  whether  this  occurs  excff* 
when  a  catheter  has  been  introduce<l.  Other  bacteria,  apparenth 
septic  forms,  sometimes  occur  in  the  urine  as  it  is  passed  ("bacteruria  i: 
but,  in  the  cases  I  have  seen,  without  producing  any  bad  rejulti 
excett  rapid  decomposition  of  the  urine  when  passed. 

Many  bacteria  may  be  found  in  the  skin,  but  there  is,  in  general 
not  sufficient  moisture  for  tlieni  to  develop  except  in  moist  partN  *n-t 
as  the  axillse  and  flexures  of  the  thigiis.  or  betw^een  the  toes. 

Micrococci  are  the  commonest  forms.  A  bacterium  capaMe  :' 
growing  into  threads  has  been  observed  in  the  disease  calk-ti  .tt- 
thrasma,  but  its  true  nature  is  still  uncertain. 

Micrococci  have  been  described  as  occurring  in  dead  hairs  i>r  hti:^. 
and  dead  epidermic  scales  often  contain  them.  But  since  tht'>f  a." 
found  in  all  dead  and  decaying  nmttei'S,  it  has  yet  to  be  provc-l  \\x. 
they  are  tlii;  cause  of  disease. 

All  the  above-mentioned  species,  though  many  of  them  may  fsirlv 
be  called  parasites  in  the  .same  sense  as  intestinal  worms,  irr-v*  » 
saprophytes,  living  uj)()n  the  waste  materials  of  the  body,  and.  >'  &r 
as  is  known,  producing  no  disease  in  man.  Some  of  them,  howevtf. 
are  decidedly  pathogenic  for  other  animals  if  artificially  intrtxlm-i?"! 
into  their  bodies. 

Another  very  important  (juestion  arises,  whether  the  living  tl-ssuts 
and  blood  of  healthy  persons  under  ordinary  circumstances  contain 
bacteria  ;  for  it  is  evident  that  if  it  were  so,  serious  errors  of  ohsen^- 
tion  might  result.  Many  researches  have  been  made  to  inve<tiirit* 
this  point,  and  the  verdict  of  the  great  majority  of  experimenters,  n-t- 
withstanding  the  discordant  results  obtained  by  others,  is  distinctly  it 
the  negative.  Lister  and  Cheyne  in  this  country  have  arrived  at  tbl* 
conclusion,  agreeing  with  those  of  several  German  pathologists,  though 
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differing  from  those  of  Ilorsley,  Zweifel,  Tiegel,  and  others.  Recently 
very  careful  researches  have  been  made  by  Ballance  and  Shattock 
to  test  the  question  whether  healthy  tissues  contain  bacteria  or  germs 
susceptible  of  artificial  cultivation.  Pieces  of  tissue,  and  also  of  new- 
growths,  were  placed  in  the  incubator  and  kept  for  some  days  or 
weeks  at  a  high  temperature ;  btit  in  no  aise  did  any  growth  of  organ- 
isms result,  except  in  pieces  of  liver,  an  organ  which,  from  its  prox- 
imity to  the  alimentary  canal,  would  be  morelikeK'  than  others  to  con- 
tain saprophytic  bacteria.'  On  the  other  hand,  it  lias  been  often 
shown  that  septic  bacteria  soon  die  if  introduced  into  healthy  blood  or 
tissues ;  though,  according  to  Wysskowitsch,  certain  S])ecie8  may 
remain  for  some  ilays  inactive,  though  capable  of  growrh,  in  certain 
organs,  especially  the  liver  and  spleen. 

CLASSIFICATION    OF   SCIIIZOMYCBTES. 

This  question,  so  interesting  as  a  part  of  natural  history,  must  here 
be  regarded  only  from  the  point  of  view  of  practical  utility.  Two  sys- 
tems have  obtained  considerable  popularity,  that  of  Cohn  and  that  of 
Zopf,  The  former  is  based  upon  the  supposition  of  the  constancy  of 
forms,  the  latter  gives  more  weight  to  their  mutability.  We  shall 
adopt,  with  some  changes,  that  given  by  Hueppe,  which  is  modified 
from  Colin's.* 

The  first  requisite  jn  classification  is  to  have  precise  names  to  des- 
ignate the  formg  which  are  met  with.  This  may  be  done  with- 
out deciding  the  question  how  far  these  forms  are  changeable  into 
one  another,  or  how  far  they  represent  true  species. 
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Alit'ri.if<.K.'ci  in  vnrioiis  humIos  of  growth  (Flchok).     X  "0(1.    «,  mioroeoocus ; 
?(,  rliploc(X'<;us;  c.  strcptococcu.* :  </,  zooglwa. 

Forms  of  Bacteria. — The  simple  forms  here  represented  must  be 
regarded  as  single  cells.  If  united  in  various  ways  they  produce  com- 
pound forms. 

A.  Single-celled  forms. — These  are  unicellular  and  multiply  by 
fission. 

1  Tran^aotiims  Pathol.  Society,  xxxviii.  412. 

*  Die  Motho'lcn  <lor  Baktoriciifor-ifihuui;,  Sd  eJ.,  ISsfi.      De  Fonnen  <ler  Bakterien, 

ISSfi. 
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a.  Cocci,  or  micrococci,  forms,  spherical    or  slightly  orwd  ■?!» 
124,  a). 

b.  Rodi  in  which  one  axis  is  much  longer  than  the  other.  If* 
sides  are  curved,  a  spindle-shaped  rod  is  produced  (Fig.  Ii5,  W.  i 
the  sides  are  parallel,  a  straight  staff  (Fig.  125,  c,  d).  If  the  eM 
are  rounded,  it  will  approach  an  ovoid  (Fig.  126,  a).  The  lengikJ 
rods  is  very  variable,  so  that  the  distinction  of  short  rods  (as  bactoia 
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Forms  of  bacteria  (Flc«oe).     X  700. 

a,  bacillus;  &, Clostridium;  r,  threads  and  apparent  threads  ;  d,  false  ramifiotkc}: 
e,  vibrio ;  /,  spirillum ;  g,  spirochsete ;   A,  spores. 

and  longer  rods  (as  bacillus)  is  comparatively  unimportant    Tbp 
often  appear  spherical  if  of  small  size  and  seen  endways. 

c.  Spirals  or  cork-screw  forms,  apparently  curved,  but  raBj 
spirally  wound  rods,  which  are  two  to  four  times  as  long  as  brai 
These  have  lately  bec(-me  known  as  "  comma-bacilli."  The  d^reerf 
curvature  or  spiral  winding  varies  accoi'ding  to  external  conditioi! 
and  the  stage  of  division,  and  rapidly  alters  if  the  cell  is  flexilJf. 
Curved  or  spiral  rods  may  easily  appear  straight,  if  seen  in  particnk 
directions. 

Flagella  or  cilia  are  seen  in  some  bacteria. 

d.  Degenerative  forms. — If  bacteria  die  and  undergo  granuiir 
degeneration,  they  may  show  irregular  forms. 

B.  Combinations  of  Single  Cells. — a.  If  growth  takes  plac<»inc« 
direction  only,  a  chain  of  cells  is  formed,  which,  when  the  wIU  vt 
distinct,  is  the  rosary  form  (c,  in  Fig.  124).  If  the  chains  area* 
posed  of  cylindrical  segments  less  clearly  separated,  the  appearaurt 
of  a  thread  is  produced  (<?,  in  Fig.  125),  and  such  chains  are  witi 
difficulty  distinguished  from  true  homogeneous  threads.  Bv  tfc* 
union  of  spirally  curved  elements,  spiral  or  corkscrew  threads  arepp> 
duced  (Fig.  125,  e,f,  g),  and  it  is  very  difficult  to  say  whether  sufi! 
threads  are  really  made  up  of  segments,  or  of  one  continuous  piece. 

b.  Growth  may  take  place  in  various  directions  in  a  plane,  fonniw 
a  flat  mass  or  lamina; 

c.  Or  may  extend  in  all  three  dimensions,  forming  solid  masse*.  "J 
which  the  type  is  sarcina. 

d.  The  cells  may  form  quite  irregular  masses  or  agglomerations. 

C.  Colonies  or  Zoogloese. — In  the  above-named  forms  the  elemecs 
are  distinct,  without  any  intervening  substance ;  but  if  they  are  p*- 
nected  together  by  an  intercellular  gelatinous  substance,  the  form  calW 
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Fncms    H    micrococcus   growth  on   the 
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;l»a  (or  living  jelly)  is  produced.  Either  cocci  or  roJs  may  t'unn 
a  xuoglccu;  ami  sometiines  clifFereiU  tortus  of  elements  are  seen  in  the 
saiiic. 

The  above-mentioned  forms  of  growth  do  not  of  themselves  constitute 
species  or  genera.  Some  species  go  through  a  cycle  of  forms,  and  one 
may  be  in  turn  a  mi.c.rocnccus,  a  ba- 
cillus, a  leptothrix,  etc.  Others  are 
known  only  in  one  form,  and  hence  it 
is  not  certain  tliat  all  s|)ecics  do  not 
ruri  thruugli  .several  forms,  but  prob- 
ably the  number  of  pleomorphic  species 
will  be  increased  as  tliey  are  better 
known. 

To  distinguish  genem  and  species — 
t.  c,  to  make  a chissificatidn,  doubtless 
the  best  guide  would  be,  as  in  other 
orders  of  plants,  t]m  fruL'tijiration,  but 
this  is  in  many  cases  not  known.     This 

process  is  very  simple  in  the  scliizoraycetes,  consisting  merely  in  the 
fojTnation  of  a  **  resting-spore."  Such  spores,  when  placed  in  favor- 
able circumstances,  by  a  simple  process  of  germination,  reproduce  the 
bacterium.     The  gcrraination  of  spores  is  seen  in  Fig.  llf"  D. 

In  those  kinds  whicJi  produce  spores^  two  modes  of  formation  are 
seen:  (1)  endogenous,  where  the  spore  is  formed  within  the  cell-mem- 
brane from  the  protoplasm.  This  is  seen  in  the  anthrax-bacillus. 
(2)  E.xtcrnal  spore-formation,  iii  which  the  cell  itself,  or  one  segtuent 
of  a  chain,  becomes  converted  into  a  spore  called  arthrospore  (joint- 
8[)()re).  Such  a  spore  may  be  larger  than  the  ordinary  vegetative 
cells,  but  otherwise  so  much  like  it  as  to  be  with  difficulty  recognized. 
De  Uary  holds  that  in  micrococci  ihere  is  no  distinction  between  spe- 
cifically reproductive  cells  (or  spores)  and  vegetative  cells.  These 
species  in  which  no  ondogetious  spore-formation  is  seen  probably  form 
artlirospores,  or  at  least  may  be  classified  on  this  basis.  Two  divisions 
may  be  formed  ; 

A.  Ilacteria  forming  endogenous  spores,  which  may  be  called  endo- 
sporal  cocci  or  bacteria. 

B.  Bacteria  forming  arthroHpores,  or  iKUie,  wliJch  may  be  called 
arthroeocci  or  arthrobacteria. 

In  each  of  these  divisions,  cocci-f(jrms,  straight  rods,  an<l  spirals 
occur,  so  that  it  will  be  most  convenient  to  take  the  elementary  forms 
scparutely,  and  use  the  reproductive  classification  only  for  making 
divisions  in  each  group.  We  admit  in  all  seven  families:  (1)  arthro- 
coccacese  ;  (2)  etidosporal  coceaceie ;  (3)  endosporal  bacteriacese  or 
bacilli :  (4)  artlirobacteriaceie ;  (o)  spirobacteriacese ;  (t5)  leptotrichew  : 
(7)  cladiitroeheie. 

CoccaceBB  form  two  families,  according  ns  there  are,  or  are  not, 
endogenous  spores. 

Family  1,  Arthrococcaceae. — The  ordinary  (vegetative)  cells  have 
the  form  of  cocci.     The  ordinary  forms  of  so-called  micrococci,  with 
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doubtful  exceptions,  belong  to  this  class.  Genera  are  formed  atwris ' 
to  their  different  modes  of  combination. 

Genus  1.  Streptococciis  {chain-cocci). — The  cells  form  chains  iFi  ^ 
124,  C). 

Genus  2.  MeriBta  or  Merwmopedia  (plate-cocci). — The  crfb  « 
united  in  two  directions  in  one  plane,  forming  plates  ;  most  typie^ 
in  groups  of  four,  e.  g.,  Gonococcus. 

Genus  3.  Sarcina  (packet-cocci). — The  cells  divide  in  all  ii» 
dimensions,  forming  solid  masses  like  "bales,"  or  packets,  ota 
cubical. 

Genus  4.  Micrococcus  or  StaphylococctiB  (mass-cocci)  forming in^ 
ular  masses  or  clumps. 

Fio.  127. 
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Clostridium  (Imcilliis  bulyrii-uin)  (iiflor  PRAZMtiwsKi  j.      ,-    lnoo. 
,1.  colony  of  Ijni'illus.    Ji,  cliaiii^.    C,  bacilli  hecomiusi  Hpin<l]e-shaiK>''i  riud  i>^r.-:.\z. 
spori'<.     />,  vrcrmiiiation  of  spores,    u-i,  successive  s^tasrc*. 
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i^jioie- formal  ion  in  various  bacilli. 
A,  bacillus  subtilis.     IJ,  elosfridium. 


(ienus  o.  ^«''0(?06rM«  (pellicle-cocci). — The  cocci  united  ingelatimHii 
pellicles  or  spheroidal  miis.ses.  Doubtfully  distinct.  The  <'enas  i.<  nd 
pathogenic. 
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FAMri.v  TI.  Endosporal  Coccacese  (l'ormiii<;  endogenous  spores). 
— Till'  ohit'f  ;i:i'mis — LfiUMjiiustoc — is  not  jHitlio^enic. 

Bacteriaceee  form  also  groups,  acconiing  as  endogenous  spores  are 
present  •n-  absent. 

Famii.v  hi.  Spore-forming  Bacteriacese,  or  Bacilli. — These  are 
rods  of  nil  hMi;xtlis,  sonif  8o  sluirt  a>t  to  be  inili.stinguisiiuMe  from  niirro- 
cocci.  T!ii-y  iiiny  he  united  into  tliread.s,  '*jiinil  or  straight  ;  or  into 
irregular  masses.      Thev  pruduce  i^nilogcnou.s  sp<ire.s, 

(iLnms  1.  Bacillus.  The  rod-s  do  not  alter  their  shape  during  the 
spore-tb  mation,  e.<j.,  B.  eubtilis  and  B.  antliracis. 

Genus  2.  Chmtridium.  The  rods  are  eitlier  always  apindle-shapwl 
or  heccMue  altered  in  !<hape  during  f!p<>re-furn>alion,  f.  «/.,  Clostridium 
butyrioum  (Kiir.  1-T). 

Family  IV.  Arthro-bacteriacese. — The  cells  are  rods  or,  accortJing 
to  some,  cocci  ali<o.  They  rnuy  he  united  in  a  zoogia-a  or  may  form 
long  threads.  They  form  nf>  endogenou.H  spores,  hut  in  some  casi*9 
arthroffporeg. 

(jenus  1.  B'li-fi'riuiii  (?<trictly  so-called).  This  genus  iiirhides 
straight  rods  wliirh  inrm  no  spores. 

(jenus  '2.  Prnffus  (spirulina)  sliows  great  diversity  of  form — cocci, 
chiiins,  rods,  and  thread.*.     Motile  in  certain  stages. 

The  spiral  bacteria  also  show  forms  with  and  forms  without  en'lo- 
genous  spores. 

Family  V.  Spiro-bacteriaces. — Small  cnrveil  rods,  like  fragments 
of  a  spinit,  known  as  "  couiinii-bai'illi."  Thi'V  may  urtite  to  form 
cork.serew-liki'  thn-ads,  which  vary  greatly  in  U'ligdi  and  amount  of 
curvature,     .Some  form  endogenous  spores,  some  not. 

Wenus  1.  Vihrh.  The  rods  enlarge  and  spores  are  formed  in  llic 
dilated  fmrt  (Fig.  125,  J). 

<ienus  "2.  Spirillum.  Spores  funned  with<int  any  alteration  in  the 
sha[ie  of  tlie  rods  iit  some  genera  which  are  not  pathngunic.  The 
pnthogenic  ftu'ins  juMdure  no  spores,  or  else  arth rn.-ipore.s.  Thry  in- 
clude tlie '■' coiuma-hacilli  "  and  the  genus  spiroehiete.  This  genus 
inight  well  be  divirled  into  two,  as  is  done  by  Ilueppe  (Fig.  12."(,  erf). 

Two  otiier  families,  in  which  the  chief  form  is  that  of  long  threads, 
are  .separated  by  Zopf.  .\ceording  lo  hiui.  the  threiols  differ  from  the 
long  threads  which  result  frorn  tlir  ;:rowtli  of  bacilli.  The  fannlies 
are: 

Family  VI,  LeptotrichesB. — In  early  stages  appejir  as  cocci  or  rods; 
later,  thread  forms,  straight  or  spiral.  Tiie  threads  show  a  distinc- 
tion between  the  Imse  (where  they  are  attached)  and  the  fore  end. 
This  alone  distinguishes  them  from  the  threads  formed  by  Imeillus.  etc. 

(Joiins  1.  CVii'H«^/*n>  occurs  innidsaud  threads,  wliii.h  :ire  ilistinctly 
articiiliited,  and  show  a  slieath.  According  to  some  there  are  also 
cocci -forms. 

Genus  2.  Leptothrix  shows  the  same  variety  of  forms :  threads 
articuhiteil  or  inarticulated,  without  a  slieath.  One  species  of  lepto- 
thri.x  occurs  in  the  mouth,  as  already  mentioned  (Fig.  123). 
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Family  VII.  CladotrichesB. — Occurs  in  rods  and  sheathed  threads, 
which  may  he  undulated  or  spiral,  and  sometimes  show  a  fiilse  rami- 
fication (see  Fig.  125,  d). 

Genus,  Cladothrix.  Extremely  common  in  water ;  one  form  has 
been  found  in  the  lachrymal  canals  of  the  human  eye. 


Cocci; 
round  or 
oval  cells. 


II         II 


irregular  ninssess 


Cells 
cylindri- 
cal ;  rods. 


Curved  or 
spiral  riKls. 


Analytical  Table  of  Bacteria  (Hueppe). 

■  Arranged  in  chains 

fours  or  small  chains 

eight    •'         "  ... 

r  2k>ogl€ea  various 
I  Zoogloaa  in  spher- 
1       ical  encapsula- 
[      teil  mass, 
f  C  Threads  straight  or  wavy;  no  endo- 

Longer  or  genous  !<]K>ree 

shorter  Threads  straight,  wavy  or  spiral ;  ino- 

tlireads  tile;  no  endogenous  spores 

without  dis-   '    Threa<ls   straight  f  without  alteration 
tinction  of  or  wavy  ;   for-  J      of  shape  of  rods 

hase  or  apex.  mation  of  eudo-  |  rods  becoming 

genous  spores.    [     spindle-shaped 


Threads 
showing  dis- 
tinction of 
base  and 
apex. 
Spiral 
threads 
flexible  or 
stiff. 


Threads  without  a  sheath 
Threads  with  a    (  not  ramified  . 
sheiith      .        .  (  ramified 

Endogenous  spores  with  alteration  of 
shape 

Endogenous  spores  or  artiirosixtres,  or 
none,  without  alteration  of  shajio    . 


Streptococcus. 
Meriata. 
Sarcina. 
Micrococcus. 

Asoococcus. 

Arthro- 

l>acterium. 
Proteus 

(spirulina). 

Bacillus. 
Clostridium. 

Leptothrix. 
Crenothrix. 
Cladothrix. 

Vibrio. 
Spirillum. 


The  above  classification,  it  must  be  repeated,  is  one  of  forms  only, 
and  it  is  still  uncertain  how  far  these  forms  represent  actual  species. 
But  in  the  meantime  it  is  a  great  convenience  that  these  forms  should 
have  names. 

If  we  were  only  speaking  of  pathogenic  bacteria,  a  simpler  classificu- 
tion  would  suffice.  It  would  be  enough  to  recognize  (with  Flugge) 
four  chief  groups,  viz.,  (1)  micrococci ;  (2)  bacilli;  (3)  spirilla ;  (4) 
bacteria,  with  variable  forms  of  growth.  The  last  group  comprises 
species  which  may  appear  in  simpler  forms,  but,  as  it  includes  no 
species  pathogenic  for  the  human  body,  we  need  not  further  consider 
this  group  here. 

Relation  of  Bacteria  to  Oxygen. — Another  important  distinction 
based  upon  physiological  activity  may  be  drawn  between  those  bacteria 
which  require  air,  i.  e.,  oxygen,  and  those  which  do  not.  The  first, 
called  by  Pasteur  aerobic,  can  only  live,  or  at  least  grow,  where  there 
is  some  access  of  air ;  the  second  class,  anaerobic,  only  where  air  is 
excluded — that  is,  under  the  surface  of  the  fluid  or  other  nutritive 
medium.  The  latter  are  regarded  by  Pasteur  as  always  exerting  a 
fermentative  action  on  the  medium,  which  however,  though  generally, 
does  not  appear  to  be  invariably  the  case.  There  are  some  organisms 
which  are  capable  under  certain  circumstances  of  growing  under  both 
of  these  conditions. 

Further  Distinguishing  Characters. — Since  the  forms  of  bacteria 
do  not  always  furnish  constant  distinguishing  characters,  and,  more- 
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over,  many  apparently  different  species  are  identical  in  form,  recourse 
is  had  to  characters  derived  from  the  mode  of  growth  in  artificial  cul- 
tivation. To  explain  this  point  a  few  words  must  be  said  about  the 
methods  of  cultivating  and  isolating  bacteria,  though  it  will  be  impos- 
sible to  give  such  details  as  are  necessary  for  practical  use. 

CULTIVATIOX   OF   LACTERIA. 

Many  naturalists  have  at  various  times  attempted  to  grow  bacteria 
under  artificial  conditions,  and  watch  their  development.  Generally 
this  was  done  in  liquid  media,  which  though  they  might  allow  of  the 
growth  of  the  organisms,  did  not  make  it  possible  strictly  to  isolate 
them,  and  thus  different  forms  would  get  mingled  to- 

f  ether,  and  their  true  genetic  relations  become  obscured, 
t  is  the  great  merit  of  Koch  to  have  devised  methods 
of  growing  these  organisms  in  solid  media,  in  which, 
like  plants  rooted  in  the  soil,  each  growth  remains  iso- 
lated in  one  spot. 

The  medium  most  generally  used  for  the  purpose, 
nutrient  gelatine,  contains  nutritive  material  in  the 
form  of  peptonized  meat-juice,  prepared  in  a  special 
way,  and  sufficient  gelatine — from  5  to  10  per  cent. — 
to  make  the  mixture,  which  is  prepared  with  the  aid  of 
heat,  solidify  on  cooling.  When  solid  it  liquefies  again 
if  heated  to  about  85°  F.  It  may  be  made  alkaline 
with  carbonate  of  soda  (since  some  bacteria  grow  best 
in  a  slightly  alkaline  medium),  and  neutralized  or  ren- 
dered &intly  acid,  if  necessary,  with  a  trace  of  lactic 
acid. 

For  use  it  is  liquefied  and  poured,  with  certain  pre- 
cautions, into  test-tubes  (which  are  filled  up  to  one-third 
and  then  closed  at  the  top  with  a  pledget  of  cotton- 
wool), or  under  certain  circumstances  into  other  vessels. 

The  gelatine  medium  has  next  to  be  sterilized ;  that 
is,  heated  so  as  to  destroy  any  living  bacteria  or  spores 
which  may  be  present  in  it.  This  is  not  effected  by  a 
single  boiling,  but  is  best  done  by  heating  the  tubes  to 
boiling-point  in  a  water-bath,  during  at  least  ten  minutes 
daily  for  four  or  five  days.  One  great  advantage  of 
gelatine  media  is  their  transparency,  which  permits  the 
first  beginnings  of  growth  to  be  traced. 

For  certain  purposes  it  is  desirable  to  have  a  medium 
which  will  bear  a  higher  temperature  without  liquefy- 
ing, and  for  this  purpose  a  vegetable  jelly  called  agar- 
agar,  derived  from  certain  species  of  algse  and  imported 
firom  Japan,  is  employed.  It  is  added  to  peptonized 
meat-juice  in  the  proportion  of  one  or  two  per  cent.,  and  the  mixture 
prepared  as  in  the  case  of  gelatine.  The  jelly  thus  prepared  is  solid 
up  to  temperatures  of  100°  or  thereabouts,  and  quite  as  transparent 
as  the  gelatine. 
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Culture  of  tub- 
ercle-bacillus on 
serum  (Fldooe). 
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There  are  certain'organisms  for  which  neither  of  the  above  mediums 
supplies  a  suitable  soil,  and  for  such  Koch  has  introduced  a  method  of 
cultivation  on  coagulated  blood-serum.  The  serum  is  prepared  from 
fresh  blood,  and,  after  careful  sterilization  by  special  methods,  is  solidi- 
fied at  a  temperature  of  about  150°  F.,  which  operation  is  usually 
effected  in  a  test-tube  held  obliquely,  so  that  the  coagulated  mass  has 
a  sloping  surface,  on  which  the  organism  to  be  cultivated  may  be  im- 
planted.    This  me<lium  is  especially  useful  for  the  tubercle-bacillus. 

Other  solid  media.  For  certain  cultivations,  the  surface  of  a  cut 
potato  is  very  suitable  soil.  The  outside  of  the  potato  is  sterilized ;  it 
is  steamed,  and  then  cut  in  half  with  special  precautions,  with  a 
sterilized  knife.  ]Jeing  then  carefully  preserved  from  dust  or  other 
contamination,  implantations  of  organisms  can  be  made  upon  the  cut 
surfaces,  and  give  colonies  or  growths,  often  of  characteristic  appear- 
ance and  color.  Potato-paste,  bread-paste,  certain  kinds  of  boiled 
vegetables  and  fruits,  are  sometimes  used  in  the  same  way.  White 
of  egg  is  also  occasionally  used  as  a  solid  substratum. 

Sterilization. — Before  speaking  of  the  precise  method  of  making 
cultivations,  it  must  be  shown  how  such  experiments  can  be  secured 
against  failure  through  the  casual  entrance  of  the  organisms  which  are 
so  widely  distributed  in  the  air  and  on  all  the  solid  objects  necessarily 
made  use  of  in  these  processes. 

For  knives,  forceps,  test-tubes,  glasses,  and  all  kinds  of  apparatus, 
the  only  effective  means  of  sterilization  is  heating  to  a  temperature  con- 
siderably above  boiling-point,  and  300°  F.  is  generally  taken  as  the 
necessary  minimum.  Platinum  wires,  needles,  and  knives  may  be 
heated  in  an  open  flame  (except  for  the  drawback  of  destroying  the 
temper  of  the  steel);  otherwise  all  such  objects  are  heated  in  a  "hot- 
air  sterilizer,"  ?'.  <?.,  an  iron  chamber  heated  by  a  gas  flame,  so  regulated 
as  to  keep  a  uniform  temperature  of  300°.  This  apparatus  is  used 
for  test-tubes,  glasses,  funnels,  cotton-wool,  and  other  miscellaneous 
objects,  which  should  l)e  exposed  to  the  temperature  mentioned  for 
one  hour. 

All  objects  used  must  be  sterilized  inime<liately  before  an  experi- 
ment, or  else  preserved  by  very  special  methods. 

Liquids  are  sterilize<l  by  repeated  boilings,  as  mentioned  above,  and 
such  boilings  may  be  carried  on  in  chambers  filled  with  steam,  which 
preserves  a  temperature  of  212°  F. 

Method  of  Cultivation. — The  actual  process  of  cultivation  is  some- 
what as  follows :  A  tube  of  nutrient  gelatine  (say)  is  taken  for  the  first 
experiment.  A  platinum  wire,  either  straight  or  bent  into  a  small 
noose  or  eye  (in  German  i'lSt')  is  dipped  in  the  fluid,  such  as  water, 
blood,  serum,  etc. ;  or  made  to  touch  any  soft  material,  such  as  mucus, 
in  which  the  microorganism  is  contained,  so  as  to  bring  away  the 
smallest  possible  quantity.  The  tube  is  then  inverted  (to  prevent 
germs  from  falling  in  from  the  air)  whenever  this  is  possible,  and  the 
wire  is  either  made  to  touch,  or  dipped  below  the  surface  of  the  gela- 
tine and  withdrawn.  In  the  case  of  solid  substances  or  tis.sucfl,  such 
as  skin,  a  small  portion  is  detached  with  a  sharp  needle  or  scalpel. 
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and  either  placed  upon  or  buried  in  the  gelatine.  A  similar  process, 
with  certain  obvious  variations,  applies  to  agar-agar  or  blood-serum 
tubes. 

The  tube  is  then  either  placed  in  the  incubator  or  kept  at  ordinary 
temperatures,  as  the  case  may  be.  If  the  medium  is  suitable,  and  there 
be  an  organism  present,  after  a  longer  or  shorter  time  growth  takes 
place,  and  will  be  shown  by  turbidity  of  the  gelatine,  or  the  formation 
of  definite  masses,  either  along  the  whole  of  the  track  of  the  needle, 
or  at  the  surface  only  or  in  the  deep  parts.  The  forms  of  the  objects 
thus  produced  often  serve  to  distinguish  different  species,  especially  in 
combination  with  other  characters,  such  as  whether  the  gelatine  is  or 
is  not  liquefied  by  the  growth,  whether  gas-bubbles  are  evolved  or  not, 
and  so  on.  Other  important  features  are  the  rapidity  of  the  growth 
and  the  temperature  at  which  growth  takes  place.  In  regard  to  the 
latter  point  three  temperatures  are  important.  The  lowest  at  which 
the  organism  will  grow,  or  its  minimum;  the  highest,  any  increase 
over  which  kills  the  organisms,  or  the  maximum  ;  and,  finally,  that  at 
which  it  grows  most  rapidly  and  vigorously,  or  the  (optimum. 

By  combining  all  these  and  similar  characters,  a  specific  distinction 
may  often  be  drawn  between  organims  which  are  morphologically  quite 
indistinguishable ;  as  may  be  seen  in  the  cultivations  of  the  cholerar 
bacillus  and  allied  forms,  figures  of  which  are  given  farther  on. 

The  most  obvious  difference  between  organisms  is  whether  or  no 
they  liquefy  the  gelatine ;  and  as  regards  non-parasitic  bacteria,  they 
may  be,  for  the  practical  purposes  of  the  laboratory,  divided  by  this 
criterion  into  two  main  groups. 

Plate-cnltivations. — The  above  method  of  cultivation  in  single  tubes 
may  be  sufficient  if  only  one  organism  is  present :  but  when  there  is 
a  mixture,  as  is  generally  the  case  in  the  original  specimens,  they  must 
be  isolated  and  separated  by  the  plate  method,  one  of  Koch's  most 
ingenious  inventions.  It  is  as  follows:  The  original  specimen,  or  pre- 
ferably, an  original  tube-cultivation,  is  introduced  into  a  fresh  tube  of 
gelatine  melted  by  heat,  and  is  thoroughly  mixed  up  with  the  gelatine 
by  gentle  movements  of  the  tube.  From  this  tube  a  small  portion 
may,  if  necessary,  be  introduced  into  a  second  tube  prepared  in  the 
same  way,  and  thoroughly  mixed  so  as  to  dilute  the  original  contents ; 
and  the  dilution  may  be  carried  still  farther  if  desirable. 

The  contents  of  each  of  the  tubes  are  then  poured  out  separately 
upon  a  glass  plate,  about  six  inches  by  four,  and  after  being  carefully 
spread  over  it,  allowed  to  cool  and  solidify.  The  plates  are  then 
placed  under  a  bell-glass  in  a  moist  chamber,  and  the  cultivations 
allowed  to  grow.  The  result  is  that  the  organisms  present  spring  up 
at  different  parts  of  the  plate  in  isolated  cultivations,  which  may  be 
distinguishable  by  their  appearance,  or  recognized  with  more  certainty 
under  a  low  power  of  the  microscope.  Of  these  a  small  portion  may 
be  removed  with  a  needle  and  examined  separately,  or  made  the 
starting-point  of  a  new  cultivation. 

Other  Methods  of  Cultivation. — Another  method  of  plate-cultiva- 
tion sometimes  useful  is  to  spread  a  single  drop  of  gelatine  on  a  glass 
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slide,  aud  allow  it  to  solidify.  Then  the  oro;ani.«m  may  be  sown  in 
streaks  or  lines,  and  its  dovelopment  watche*!  under  rlie  microscope. 
But  such  specimens  are  with  difficulty  protected  from  impurities. 

A  more  satisfactory  method  for  microscopical  observation  is  culti- 
vation in  the  "  hanging  drop."  It  refjuires  a  glass  slide  with  a  hollow 
ground  in  it,  so  as  to  form  a  shallow  cell.  Over  this  is  |il need  a  cover- 
glass,  on  the  under  surface  of  vhich  is  a  drop  of  nutrient  Htjuid  inoc- 
ulated with  a  niiuimiil  iiuantity  of  the  organism.  The  e<lge8  are 
made  air-tight  with  a  little  vaseline,  and  a  moist  chamber  is  formed, 
accessible  to  observation  from  above  even  with  liigh  powers,  in  which 
the  development  of  any  organism  may  be  watched  from  day  to  day. 
It  is  very  suitable  for  moulds  at*  well  as  for  bacteria. 

Liqnid  media  are  much  used  fur  certain  cultivations.  Broth,  roadd^ 
from  some  kind  of  meat  and  carefully  sterilized,  is  that  most  generally 
employed.  Fresh  serum  and  the  licpiid  of  serous  effusions  have  been 
used,  and  sterilized  milk  is  a  good  soil  for  some  species.  Cultivations 
in  liquid  are  generally  carried  out  on  a  small  scale:  as,  for  instance, 
in  the  hanging  drop  or  in  microsoopical  ccHs. 

Some  etiki  vat  ions  can  he  carried  out  ut  the  ordinary  temperature 
of  a  room,  but  others,  and  especially  those  of  truly  jiarasitic  organisms, 
requires  temperature  approaching  that  of  the  human  body.  In  order 
to  satisfy  these  conditions,  recourse  is  had  to  an  apparatus  called  an 
incubator,  or  hot  chamber  furnished  with  a  self-regulating  gas-burner 
by  which  the  temperature  is  kept  constant.  In  such  an  apparatus 
cultivations  can  be  carried  on  for  weeks  or  months  at  any  temperature 
that  may  be  desired.  For  observations  under  the  microscope  some 
modification  of  the  well-known  warm  stiijje  is  used. 

Continued  Cultivations. — When  a  growth  is  obtained  consisting  of 
one  orgauisui  alone,  or  a  "pure  cultivation,"  a  small  j>ortion  may  be 
transjdanted  on  a  fresh  tube  of  gelatine,  and  so  on  through  many 
generations.  The  advantage  of  this  is  that  the  organism  is  thus  en- 
tirely separated  from  any  portion  of  its  original  soil  or  other  extraneous 
matter.  Koch  carried  the  cultivati'.in  of  the  tubercle-bacillus  through 
thirty-four  generations  in  nearly  two  years,  and  since  then  through  a] 
much  longer  series. 

In  tTiany  cases  a  better  result  is  obtained  by  introducing  the  cnlti- 
vated  bacterium  into  the  tissues  or  blood  of  a  small  animal,  such  as  a 
mouse  or  giiinea-jiig.  The  animal  body  serves  as  a  very  perfect  culti- 
vation-apparatus of  constant  temperature,  and  if  it  is  suited  to  ilie 
bacterium,  the  latter  will  multiply  enormously.  An  inoculation  from 
this  animal  may  then  be  made  into  another,  and  so  on  through  as  manv 
generations  as  may  be  desirable.  By  this  means  the  identity  of  cer- 
tain specific  diseases  has  been  established. 


CHAPTER  XLVII. 

CONNECTION  OF  BACTERIA  WITH  DISEASE. 

Pathogenic  organisms  not  only  live  in  the  human  body  but  are 
the  cause  of  disease  there.  They  often  closely  resemble  non-patho- 
genic forms,  but  must  not  be  considered  as  being  the  same  organisms 
living  under  diiferent  conditions.  All  species  which  have  been 
thoroughly  investigated  show  some  characters  of  form,  or  of  functional 
activity,  or  mode  of  growth  which  distinguishes  them.  There  is  no 
proof  of  there  being  any  transformations  of  innocent  into  pathogenic 
forms,  though  this  has  been  supposed  by  Biichner  and  others,  but  the 
evidence  for  such  a  change  has  completely  broken  down. 

We  may  indeed  suppose,  on  Darwin's  principles,  that  the  pathogenic 
species  have  been  evolved  out  of  the  others  by  a  process  of  natural 
selection.  But  such  changes  require  the  long  periods  of  time  which 
alone  make  the  transmutation  of  species  conceivable.  They  are  not 
effected  in  one  generation.  There  is  only  the  same  general  resem- 
blance between  certain  parasitic  forms  and  forms  living  free  in  nature, 
that  there  is  between  parasitic  filarise,  for  instance,  and  free  filarise 
living  in  water.  We  shall  see  too  that,  as  in  the  case  of  parasitic 
animals,  some  of  the  bacteria  are  true  parasites,  some  occasional  and 
some  pseudo-parasites. 

In  order  to  prove  that  a  special  microorganism  is  the  cause  of  any 
disease,  certain  conditions  have  to  be  fulfilled,  which  have  been  clearly 
laid  down  by  Koch. 

1.  The  microorganisms  must  be  constantly  found  in  the  blood  or 
tissues,  or  both,  of  the  men  (or  animals)  suffering  from  the  disease. 

2.  The  microorganisms  must  be  got  to  grow  in  some  medium  out- 
side the  body,  and  by  successive  cultivations  completely  separated 
from  all  matter  belonging  to  the  body  from  which  they  came. 

3.  After  being  thus  cultivated  through  several  generations,  the 
organism  must  be  inoculated  into  some  animal,  and  reproduce  in  it 
the  original  disease. 

4.  In  the  tissue  or  blood  of  this  animal  the  same  microorganism 
must  be  found  which  was  found  in  the  original  patient. 

It  is  sometimes  impossible  that  all  these  conditions  should  be  ful- 
filled, since  there  are  some  human  diseases  which  are  not  known  to 
affect  the  lower  animal  and  which  cannot  be  communicated  to  them, 
so  that  inoculation  experiments  do  not  succeed. 

This  is  the  case  with  cholera,  leprosy,  and  syphilis;  or  at  least  the 
results  of  inoculation  of  these  diseases  are  ambiguous.  In  the  mean- 
time analogy  with  other  cases,  in  which  the  evidence  is  complete,  may 
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give  to  the  pathogenic  character  of  such  organisras  the  very  highest 
degree  of  probability. 

There  are,  again,  some  organisms  constantly  associated  with  certain 
diseases  for  which  no  suitable  mediuna  of  cultivation  has  yet  been 
found.     The  bacillus  of  leprosy  is  an  instance. 

When  pathogenic  organisms  are  introduced  into  the  body,  they  give 
rise  to  two  kinds  of  actions.  The  first  are  local,  or  tissue  changes, 
consisting  partly  in  destruction  of  certain  elements,  and  from  the 
reaction  of  the  body  upon  them,  partly  in  new  growth.  The  second 
are  general,  being  fever,  cachexia,  and  the  like,  which  may  be  fatal. 
The  first  kind  of  action  is  most  conspicuous  in  what  we  have  called 
the  infective  granulomata ;  the  latter  in  the  specific  infective  fevers ; 
but  often  both  are  combined.  Tubercle  is  the  most  perfect  instance 
of  a  combination  of  local  and  general  disturbance. 

Tissue-changes. — The  microorganisms  specially  attack  cells,  both 
migratory  leucocytes  and  tissue  cells. 

The  former  may  often  be  seen  enclosing  microorganisms  in  their 
substance.  This  phenomenon  may  be  described  in  two  ways.  We 
may  say  that  the  bacteria  penetrate  the  cells,  or  that  the  cells  absorb 
the  bacteria.  This  is  a  sort  of  struggle  between  the  vitality  of  the 
two.  If  the  virus  be  too  strong  for  the  cell,  the  latter  dies;  and 
hence  we  see  that  necrosis  or  tissue-death  is  a  conspicuous  phenome- 
non in  all  these  diseases,  and  is  never  wholly  absent.  On  the  other 
hand  the  cell  may,  according  to  Metschnikoff,  in  some  cases,  get  the 
upper  hand,  and  either  destroy  the  foreign  organism  by  a  process  of 
intercellular  digestion,  or  at  least  carry  it  away  from  the  scene  of 
action. 

Fiu.  130. 


J.^. 


4.  5 

Leiuiooytes  of  frogs  absorbing  authrax-baoilli. 
1,  leucocyte  with  a  bacillus  half-enclosed  in  its  protoplasm;  2,  the  same  leucoorfe 
ten  minutes  later,  the  bacillus  having  disappeared;  3,  leucocyte  attacking  a  bacillus; 
4,  the  same  a  few  minut«8  later,  with  the  bacillus  half-enclosed ;  5,  the  same  a  few 
minutes  later  still  (Metschnikoff,  Virchow's  Archiv,  vol.  xcvii.,  plate  Ifl). 

Metschnikoff  found  that,  in  frogs  and  other  cold-blooded  vertebrates 
which  are  immune  against  anthrax,  the  leucocytes,  and  especially  the 
large  cells  which  he  calls  phagocytes,  absorbed  and  apparently  des- 
troyed anthrax-bacilli  artificially  introduced  into  their  bodies  (we  Fig- 
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JO).  In  rabbitfi  and  guinoa-pigs,  on  the  other  hantl,  animnls  very 
iscoptible  of  imthrnx,  the  leucocytos  did  not  appear  to  possess  this 
power  of  dt'alii);/  with  tlie  liai'illi  when  injected  into  their  blood.  He 
8uppose.s  Hcconliiigly  that  the  iinuiuiiity  of  the  fiist-nientioncii  claas 
of  Jinimalsi  is  due  to  the  biieilli  being  destroyed  by  the  elements  of  the 
body.  To  test  this  suppi^fitiun  he  introduced  into  rabbi t.s  nrid  f;uineu- 
pigs  anthrax-bacilli  weakened  by  being  heated  to  42°  C. ;  that  is,  a 
so-called  ''vaccine"  of  anthrax.  Thei^e  bacilli  were  found  in  many 
instances  enclosed  in,  or  absorbed  by,  the  leucocyles  near  the  spot 
where  they  were  introducetl.  Further  comparative  experiments 
seemed  to  show  that,  after  having  dealt  with  tlie  bacilli  of  the  vaccine, 
the  leucocytes  of  the  warm-blooded  animals  acquired  the  power  of 
destroying  fresh  bacilli  of  unimpaired  virulence  ;  but  tliis  conclusion 
was  hardly  established.  Without  (jueetioning  the  reality  of  the  action 
of  the  frog's  cells  on  micrmu-ganisms,  it  must  be  said  that  the  numer- 
ous experiments  of  Wyswokowitsch  with  other  pathogenic  bacteria 
have  not  confirmed  these  rexwlts  as  regards  warm-blooded  animals. 
8ucli  a  process  was  establi.shed  only  in  the  case  of  two  or  three  specific 
tnicroi'irganisniH,  and  ui  these  cases  the  cells  appeared  to  be  succumb- 
ing to  the  attacks  of  bacteria  (stf  p.  i^S). 

In  this  case  the  migratory  leucocytes  can  do  no  more  than  carry  the 
bacteria  they  have  ab.sorbe<l,  ajj  they  do  other  foreign  substances,  such 
aa  granules  of  pigment,  into  the  lymphatics,  and  thus  to  the  nearest 
lymph-glands ;  and  this  is  sometimes,  though  not  always,  observed 
{gee  Fig.  131). 

Fio.  131. 
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Lencocrtea  carryini;  uwuy  pi^tuent-gratiulus  (Ck)BKiL  and  Raktisb),     X  200. 

itn  a  TCctiou  of  lung  in  interntitial  pneumonia.     Ou  the  right  hand  an  alveolus, 
'  With  numeroua  pigmented  ccHbj  ou  the  left,  a  lymphatic  space,  with  one  auch  cell. 


Leucocytes  wliich  absorb  bacteria  certninly,  in  some  cases,  become 

^crtrophicd.  It  is  not  impossible  that,  hs  the  bacteria  are  absorbed 
id  assimilated  by  the  cell,  their  proteid  subjitances  may  serve  as  food 
ar  it. 

The  effect  of  the  bacteria  on  tmue-celh  is  probably  also  twofold, 
16  Certain   that  muny  are  destroyed;   this  is  obvious   in  all  local 

;terial  di.sea.ses.  But  it  is  also  possible  for  them  to  become  hyper- 
rophied,  as  if  they  bad  received  an   extra  supply  of  nourishment. 
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Whether  this  is  owing  to  the  direct  action  of  the  tnicrooi^aiuimi.  r 
to  the  hyperaeraia  which  always  results,  is  difficult  to  say. 

In  many  of  these  diseases  greatly  enlarged  elements  are  seen— ti- 
the formation  of  epithelioid  cells  and  giant  cells  of  tubercle,  theicfiaa^ 
cells  of  the  corium  in  leprosy  and  rhinoscleroma  (see  frontispiece i. 

Now,  in  scrofulous  inflammations  (as  was  pointed  out  bj  Bmi- 
fleisch)  the  cells  are  of  larger  size  than   usual ;   and,  according  k 
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•Suppuration  of  ^^ubcutaIleou^^  tiasue,  caused  by  micrococci.      X  "00. 
(CoRNiL  ancl  Ranvier). 
Section  of  lympliatic  space  containing  colls,     d.  leucocyte  contaiTiinc  ci>cc::  if.'.*'.- 
cyt«  with  pale  nucleus,  showing  necroaii?;   c,c,  lixed  connective-tis-aue  cells,  mwh  -: 
largcd,  containinjj  several  nuclei,  of  which  lioine  («')  are  pale  and  necrotic :  al*)  nuair; 
oua  cocci  in  chains  and  pairs. 


Ziegler,  thi.s  is  seen  in  all  chionic  inflammations  in  a  greater  or  Ir" 
degree.  But  still  a  marked  increase  in  the  size  of  elements  i.<  rerr 
characteristic  of  chronic  bacterial  inflammations. 

It  is  disputed  whether  these  large  cells  are  altered  leucocvtei  -'f 
tissue-cells.  IJut  in  the  case  of  the  former  their  large  size  ha.«  oc 
important  consequence,  that  they  w^ill  be  with  diflSculty  remove«l  Ij 
the  lymphatics,  and  even  if  they  do  get  into  the  vessels  will  be  liab-V 
to  accumulate  in  the  glands.  Hence  we  see  one  reason  why  the  celi- 
product.x  of  these  specific  inflammations  are  carried  away  an^  absorN-i 
less  easily  than  those  of  common  inflammations,  and  'generallv  fS' 
rise  to  glandular  enlargements.  It  also  tends  to  account  for  tn* 
remarkably  permanent  character  of  the  tissue-changes,  for  instance,  in 
leprosy.  Other  illustrations  of  the  relation  of  bacteria  to  cells  trf 
given  in  the  frontispiece. 
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Extension  of  the  Morbid  Changes. — Tlie  spreatt  of  ba<-teniil  infec- 

ion  from  the  jioiiit  at  ■vvhicli  tt  hrgins  is  effected  partly  by  the  inulti- 

lication  of  tlie  organisms,  wliich  takes  ptace  with  varying  degrees  of 

ipjdify.     But  this  can  hardly  be  the  whole  explunationt  since  we  find 

)nsiikTJible  areas   of  rhange,  with   very   few  organisms.     In   acute 

ibereulcRis  of  man,  fur  in.stance,  many  tubercles  maybe  fonnd  without 

icilli  ;  while  other  similar  ones  contain  them.      In  certain  cases  they 

re  decide<lly  infnM|uent,  as  I  can  say  from   my  own  ob-servations,  as 

fell  as  from  the  tiir  more  numerous  examinations   made  by  others — 

,^.,  by  Klein,  Percy  Kidd,  etc.     It  may  be  supposed  that  the  bacilli 

these  cases  were  origitiallv  present,  but  perished.      Even  sui)i>»ising 

lis,  the   influence  of  Inii-illi   can  be  tracfil  nt  distances  which,  com- 

ired  with   their  own  sixe,  are  eoiisiderable.     If  so,  there   must  be 

)mctliiTig  more  than  mere  contact-action  of  the  bacilli.     What  is  this 

jondary  action  ? 

It  may  be  supposed  that  the  bacilli  set  up  ii  chemical  change  analo- 
3US  to  fermentation,  which  is  prnpagntecj  through  tlie  flni.ls  of  the 
IBsuea.  If  30,  the  question  arises  whether  any  special  srdistance 
lalogous  to  a  fenncnt  is  produced  by  the  organisms,  which  is  the 
;tual  virus  or  poison,  and  causes  the  changes  set  uj>  in  the  fiiiiiis  and 
?8ues.  This  .supposition,  made  by  Sir  J.  Simon  and  others,  has 
?en  supportetl  by  Dr.  Klein. 

The  physiological  ferments — <'..</.,  that  of  digestion,  or  Schmidt's 
fibrin-fcrmeut,  which  produces  coagulation — are  formed  out  of  albu- 
minous siihstauces  by  the  action  of  living  cells,  such  as  those  of  the 
pe[itic  glaiuls,  and  the  leucocytes  of  the  blood;  there  is,  therefore, 
notliing  strange  in  the  hypotliesis  that  such  maybe  produced  by  living 
bacteria.  It  was  pointed  out  in  a  previous  chapter  that  abrin  and 
papain,  ferments  destructive  to  animal  tissues,  are  foruic"!  by  vegetable 
cells. 

This  supp<5«ition,  which  seems  necessary  to  expbiiu  even  the  diffuse 
local  cluinges  set  up  \ty  bacteria,  liecomes  still  nioi-e  iuiportant  when 
we  have  to  consider  tlie  general  changes. 

Oeneral  Disturbances  Produced  by  Bacteria. — When  microorgan- 
isms have  set  up  a  local  process,  there  is  generally  some  constitutional 
disturbance,  caused,  as  we  must  suppose,  by  the  absorption  of  poisououa 
material  frnm  the  affected  spot.  Even  in  diseases  which  are  at  first 
decidedly  local,  such  ivs  anthrax  in  man  {malignant  pustule),  syphilis, 
there  is  .sotne  fever  to  be  traced,  some  interference  with  tlie  nutrition 
of  tlie  body,  though  no  organism,  or  very  few  indeed,  can  be  found  in 
the  blood.  Death  may,  under  these  circinnstances  (according  to 
Klein),  occur  within  twenty-four  hours  after  inoculatiou  of  anthrax 
into  animals.  It  is  clear  that  the  virus  is  difTused,  though  the  bacilli 
are  not,  or  only  very  scantily,  so. 

The  same  fact  is  seen  still  more  strikingly  in  the  specific  infective 
fevers.  Death  may  occur  in  twenty-fi>ur  hours  in  certain  cases  of 
smallpox  and  scarlatitui  without  or  before  the  production  of  any  local 
symptoms.  Hemorrhage  is  a  conspicuous  feature  in  these  cases,  and 
point.s   to  an   alteration    in    the    blood.     Rapid  death    is   still   more 
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frequent  in  plague,  and  the  alteration  of  the  blood  in  this  disase* 
still  more  noticeable.  These  are,  in  fact,  cases  of  death  from  poisookt 
but  the  poison  is  the  result  of  the  action  of  the  virus  of  the  dise«s«  a 
the  blood  or  tissues.  Assuming  that  these  diseases  are  due  to  mkn- 
organisms,  it  is  clearly  not  these  organisms  themselves,  but  ttm 
poison  which  they  produce,  which  is  the  cause  of  death.  Such  poinn 
have  not,  however,  as  yet  been  isolated. 

The  main  difference  between  the  specific  fevers  and  local  bactera 
diseases  appears  to  be  that  in  the  former  the  organisms  are  diffojcdh 
the  blood,  and  set  up,  beside  the  local  changes,  changes  in  it  whiti 
may  be  a  part  of  the  disease. 

Distribution  of  Bacteria. — Some  of  these  points  have  alreadr  b«i 
discussed  in  speaking  of  the  special  pathology  of  infective  dis€«8(«. 
but  a  word  or  two  must  be  said  about  the  manner  in  which  the  bacten 
themselves  are  distributed  through  the  body. 

Most  kinds  pass  easily  into  the  lymphatics,  and  thence  to  tW 
lymph-glands.  If  they  succeed  in  passing  the  Ijmph-glands  thej  mj 
get,  by  the  thoracic  duct,  into  the  blood,  and  thus  be  carried  to  ctrj 
part  of  the  body.  In  some  cases  of  acute  tuberculosis,  a  special  pir- 
ticipation  of  the  thoracic  duct  has  been  observed.  In  syphilis  tW 
process  is  equally  clear,  though  the  details  have  not  been  traced. 

Other  kinds  pass  more  directly  into  the  veins,  and  in  many  age&if 
not  generally,  the  machinery  by  which  this  is  effected  is  thromlxHt. 
As  before  described,  the  microikganisms  cause  coagulation  and  paie 
trate  the  clot.  Then  by  breaking  down  of  the  clot,  they  are  carried 
into  the  circulation.  Thi.s  is  notably  the  case  with  the  organiam 
producing  pyaemia.  But  organisms  may  enter  the  veins  bv  ulcenitioo. 
as  has  been  observed  in  diphtheritic  ulcers  of  the  tonsils. 

That  microorganisms  are  in  many  cases  contained  in  the  circulatiai 
blood  is  clear,  and  they  have  been,  not  unfrequently,  detected.  Be: 
it  is  evident  that  they  must  be  there  in  very  large  numbers,  if  thej 
are  always  to  be  found  in  the  small  portion  of  the  blootl  usualk  re- 
moved for  examination.  We  do  not  catch  fish  in  every  bucketful  of 
water  taken  out  of  a  river. 

When  bacteria  are  circulating  in  the  blood  they  may  become  ir- 
rested  at  various  points  and  form  secondary  deposits  of  niicro<'»r^c- 
isms,  or  new  foci  of  disease.  This  will  happen  because  thev  f'>n» 
masses  too  large  to  pass  through  the  capillaries  ;  and  the  capillaritji' 
certain  parts  of  the  bod}'  ap])ear  to  possess  some  structural  }>eco- 
liarities,  which  render  them  liable  to  be  blocked  by  such  masses. » 
that  capillary  embolisms  of  bacteria  are  produced. 

The  block  is  of  course  likely  to  be  first  found  in  the  first  set  of  oap- 
illaries  passed  through,  just  as  in  ordinary  embolism.  The  lungs  arf 
thus  affected  in  many  bacterial  diseases,  e.  g.,  glanders,  pyaemia,  eif- 
and  probably  this  is  the  i)rocess  in  some  cases  of  general  tubercuk<*i^- 

If  the  bacteria  get  into  the  portal  circulation,  the  earliest  secon-Jan 
foci  of  disease  will  be  the  liver.  This  is  seen  in  abdominal  p^Tenaii. 
and  is  possibly  tlie  explanation  of  some  ob-xcure  diseases  of  the  Jiver. 

If  the  masses  of  raicroin-ganisms  pass  through  these  capillaries,  tkj 
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^ay  be  stopped  at  soino  point  further  on.  The  vt-ssda  of  the  synovia 
of  j'ointft  appear  to  hiive  «o(rie  specific  proclivity  to  funn  a  nidus  for  the 
•wandering  penus  of  disease.  Thus  tl>e  pjiemic  urijanisius,  even  when 
they  pass  the  pulmonary  capillaries,  may  lodge  there.  The  gonorrL<vaI 
poison  appears  to  pass  into  the  circulation  and  settle  in  the  joints. 
If,  as  seems  probable,  acute  rheumatism  should  turn  out  to  be  a  bac- 
terial diaea.se,  it  would  be  a  ntill  more  (Striking  instance.  In  suppura- 
tive arthritis  from  scarlatina,  and  in  certain  cases  an  artificial  septi- 
csDinia,  considerable  colonies  of  micrococci  have  been  found  in  the 
joints. 

The  conditions  whieli  cause  these  poison.s  to  be  arre.ste<l  in  the 
joints  are  jirobably  purely  meelidnical,  since  we  find  that  the  inorganic 
poison  of  gout,  urate  of  soda,  obeys  the  same  law.  Perliap.s  it  may  be 
that  the  synovial  fringes  are  liable  to  pressure,  through  being  Hipped 
in  the  movement  of  tlve  joint. 

Some  organism.'?  act  directly  on  the  walls  of  the  circulatory  appara- 
tus without  being  blocked,  as  is  the  case  with  the  micrococcus  produc- 
ing ulcerative  en<locarditis. 

ont  in  such  cases  tlie  most  important  factor  in  causing  the  bacteria 
to  settle  down  at  any  particular  spot,  is  a  damaged  or  inflamed  condi- 
tion of  the  part,  It  is  easy  to  conceive  that  if  the  organisms  are 
unable  to  penetrate  the  intact  vascular  walls,  they  may,  when  tlie.se  are 
damaged,  pass  through  them  into  the  tissues  and  .set  up  disea^^e.  As 
a  matter  of  fact,  we  find  that  a  damaged  part  is  likely  to  b  ■  afl'ected  by 
an  internal  [loison  just  as  a  WHUind  is  by  an  external  poison.  Thus 
ulcerative  endocarditis  most  often  affects  heart.s,  ilie  valves  of  which 
are  already  injured  }iy  fux'vious  disease.  A  disloeateil  or  .strained 
joint  may  become  tuberculous  and  so  on.  A  blow  on  the  tibia  may,  in 
a  syphilitic  person,  produce  a  gumma. 

Hence  it  is  that  common  inllatntnation  of  a  part  is  so  often  the  pre- 
cursor and  [uvdisposing  cause  rif  a  specific  di.sease.  Thus  pneunn>nia 
or  bronchitis  may  lead  to  a  puliiKiruirv  tuliercukisia. 

Elimmation  of  Pathogenic  MicroorganiBms. — Wc  might  suppose, 
from  analogy,  that  tliere  would  be  some  ineclnnism  by  whicli  the  body 
can  get  rid  of  the  organLsms  producing  disease,  and  there  is  no  doubt 
tliat  some  of  them  do  pass  out  by  the  ordinary  channels,  in  urine, 
feces,  etc.,  but  this  is  not  quite  so  general  a  law  as  the  doctrine  of 
final  causes  would  lead  one  to  c.x|iect;  just  as  in  the  c;use  of  mineral 
poisons  nature  appears  to  make  an  effort  to  eliminate  some  but  not 
others. 

The  micrococci  of  pyaemia,  of  diplitheria,  and  those  found  in  scarla- 
tina, have  all  been  traced  in  the  kidneys,  the  former  distinctly  in  the 
urine.  The  bacilli  of  anthra.x  and  tubercle  have  also  been  seen  in  the 
Malpighian  tuft-s.  but  not  in  the  urine,  except  when  there  has  been 
di.sease  of  the  kidtiev. 

On  the  «ither  hand,  the  poison  of  syphilis  does  not  .seera  to  he  able 
to  get  out  of  the  vascular  system  on  to  the  respiratory,  intestinal,  or 
urinary  surface.  As  is  shown  by  the  remarkable  facts  of  inherited 
syphilis,   the  <lisease  may  be  communicated  to   the  ovum  by  either 
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parent,  but  does  not  affect  the  foetus  if  the  mother  should  become 
infected  while  pregnant,  as  if  it  could  not  make  its  way  through  the 
placental  vessels. 

It  is  one  of  the  oldest  traditions  in  medicine  that  diseases  which 
produce  an  exantluinatic  eruption  are  "  thrown  off"  by  the  skin, 
which,  expressed  in  modern  language,  means  that  the  poison  or  micro- 
organism is  eliminated  by  exfoliated  epidermis  or  by  the  cutaneous 
secretions.  Considering  the  case  of  syphilis,  there  is  nothing  impos- 
sible, or  even  improbable,  in  this  theory ;  but  it  is  precisely  in  the 
case  of  the  skin  that  exact  proof  of  the  elimination  of  the  micro- 
organism is  wanting.  Micrococci  are  said  to  have  been  found  in  the 
scales  in  the  desquamating  stage  of  scarlatina,  but,  as  before  pointed 
out,  the  presence  of  micrococci  in  the  skin  is  a  very  ambiguous  phe- 
nomenon. 

The  experiments  of  Wyssokowitsch  have  shown  that  bacteria, 
whether  saprophytic  or  pathogenic,  introduced  into  the  healthy  body, 
are  not  eliminated  by  any  of  the  secretions,  except  when  a  diseased 
condition  of  the  eliminating  organ  (for  instance,  of  the  kidney)  is 
established,  and  which  leads  to  some  tissue-lesion  allowing  the  micro- 
organisms to  escape.  Since,  however,  it  is  clear  that  the  parasitic 
organisms  must  get  out  in  some  way  in  order  to  carry  on  their  exist- 
ence elsewhere,  whether  in  any  other  host  or  in  a  free  state,  and  since 
the  facts  of  contagion  also  make  some  such  hypothesis  necessary,  it 
would  seem  that  there  is  here  a  gap  in  the  life  history  of  pathogenic 
bacteria  left  for  future  research  to  fill  up. 

Parasitic  bacteria,  which  live  and  grow  only  in  the  animal  body, 
their  state  of  existence  outside  being  passive  or  quiescent,  may  be 
called  endogenic.  Those  which  are  capable  also  of  living  and  increas- 
ing in  external  nature  may  be  called  ectogenic.  But  it  is  not  always 
possible  to  say  to  which  class  any  species  belongs. 


CHAPTER  XLVIII. 

SPECIAL  KINDS  OF  BACTERIA  RELATED  TO  DISEASE. 

It  will  now  be  well  to  enumerate  some  of  the  forms  which  are 
definitely  related  to  disease,  omitting  such  as  are  only  interesting  from 
the  point  of  view  of  natural  history,  and,  indeed,  mentioning  only 
those  which  appear  to  be  of  real  importance.  In  Eisenbprg's  tables 
of  knowii  bacteria,  intended  for  laboratory  use,  116  species  are  enum- 
erated as  having  been  actually  cultivated.  Of  these  70  are  regarded 
as  pathogenic,  but  27  of  these  only  are  connected  with  human  disease; 
the  rest  being  capable  of  producing  disease  in  certain  animals,  but  in 
man  of  growing  as  saprophytes  only,  if  at  all.  The  46  which  do  not 
produce  any  disease  arc  chiefly  organisms  living  free  in  liquid  or  solid 
media  ;  but  some  few  are  parasitic  sapropliytes  of  man.  These  num- 
bers are  not  given  as  necessarily  authoritative;  some  authors  might 
compile  a  longer  and  some  a  shorter  list ;  but  it  will  suflRce  to  give 
some  notion  of  the  number  of  forms  actually  discriminated.  The 
number  of  actually  existing  species  is  doubtless  enormously  greater. 

PATHOOENIC   COCCACEiE. 

Cocci  of  various  kinds  are  frequently  found  in  morbid  conditions, 
and  in  some  cases  may  be  definitely  proved  to  be  the  cause  of  the  dis- 
ease with  which  they  are  connected ;  but  in  other  cases  considerable 
diflSculties  stand  in  the  way  of  the  demonstration.  These  difficulties 
arise  first  from  the  similarity  of  form  between  organisms  which  have 
very  different  properties,  so  that  form  alone  is  an  inadequate  specific 
distinction ;  and,  secondly,  from  the  fact  that  diseased  and  especially 
inflamed  parts  of  the  body  may  and  do  harbor  organisms  which  are 
not  really  the  cause  of  the  disease  with  which  they  are  connected. 

The  confusion  arising  from  similarity  of  form  is  to  some  extent 
obviated  when  different  species  of  cocci  show  different  modes  of  growth, 
such  as  into  doublets,  chains,  or  heaps — known  as  diplococcus,  strepto- 
coccus, or  staphylococcus.  Such  differences  may  not  show  any  funda- 
mental distinction,  but  so  long  as  they  are  constant  they  furnish 
convenient  marks  by  which  to  recognize  species. 

These  do  not,  however,  seem  to  be  necessarily  connected  with  any 
difference  of  pathogenic  action.  The  chain  forms  are  met  with  mostly 
in  fluid,  as,  for  instance,  in  vesicles  or  buUiC  of  the  skin,  in  dilated 
lymphatic  vessels,  and  so  on  ;  while  the  heaps  or  masses  generally 
occur  in  solid  tissues,  and  in  thick  pus.  So  in  cultivations,  chain 
forms  are  best  produced  by  growth  in  fluid  media.  But  very  few 
species  are  confined  to  the  chain  form  ;  and  those  which  are  generally 
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found  in  the  form  of  heaps,  often  grow  at  first  in  the  form  of  chains. 
Hence  the  distinction  has  no  absolute  validity. 

The  pathogenic  activity  of  micrococci  appears  to  be  always  exhibited 
in  the  form  of  acute  inflammations  of  tissue.  No  chronic  inflamma- 
tory growths,  or  granuloraata,  are  known  to  be  produced  by  them  in 
man  :  though  one  such  disease  in  the  horse,  called  mykodesmoid,  or 
discomyces,  is  attributed  to  an  organism  which  grows  in  cultivations 
in  the  form  of  a  micrococcus.  But  as  this  organism  also  grows  in  a 
peculiar  form  as  Ascococcus,  it  hardly  constitutes  an  exception.  The 
human  pathogenic  cocci  appear,  moreover,  to  have  a  short  life  m  the 
body.  It  is  probable,  though  not  absolutely  proved,  that  they  have  a 
non-parasitic  life  outside  the  body.  But  it  is  certain  that  they  may 
preserve  their  vitality  in  the  latter  condition  possibly  as  spores. 

Among  the  forms  known  as  streptococcus  are  the  following  : 

Streptococcus  Erysipelatos. — It  was  first  isolated  by  Fehleisen  and 
Koch  from  the  skin  in  erysipelas,  and  has  since  been  constantly  found 
and  cultivated  by  other  observers.  It  forms  very  small  cocci  (0.3  to 
0.40  /i)  which  are  united  in  pairs  or  long  chains.  It  is  particularly 
localized  in  the  lymphatics  of  skin,  and  at  the  boundaries  of  the 
erysipelas  patch.  In  fact  it  is  clear  that  the  spread  of  the  micro- 
coccus growth,  and  thus  of  the  disease,  is  along  the  lymphatics  and 
connective-tissue  spaces.  Cocci  are  not  seen  in  the  lymph-ceHs,  and 
are  rarely,  if  ever,  to  be  detected  in  the  blood. 

In  tube-cultivations  it  forms,  after  twenty-four  hours,  white  flakes 
and  points  along  the  track  of  the  needle,  which  afterward  run  together 
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Slre)>U)c<>ei'U8  <>f  erysi[>elas. 
Section  of  lymphatic  of  the  skin  containing  ('hains  of  t'occi.     X  700.     (Fluggb.) 

into  an  opaque  white  streak.  There  is  no  notable  growth  on  the  sur- 
face. The  growth  is  slow  and  succeeds  best  between  20°  and  30°  C. 
It  has  the  power  of  coagulating  milk  if  grown  in  that  medium. 

The  pure  cultivation  injected  into  the  ear  of  rabbits  produces  an 
inflammation  resembling  erysipelas,  in  which  the  lymphatics  are  found 
full  of  streptococcus,  an»l  which  is  not  fatal.  In  some  cases  suppura- 
tion is  produced.     Injected  into  the  blood  of  rabbits  it  is  innocuous. 

Inoculations  have  been  made  on  the  human  subject,  also  from  cultiva- 
tions passed  through  many  generations  (seventeen  or  more),  and  typical 
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erysipelas  has  resulted  after  an  incubation  of  fifteen  to  sixty  hours :  the 
beginning  of  the  disease  was  marked  by  shivers,  rigors,  fever,  and 
general  disturbance.  Persons  who  had  suffered  from  erysipelas  within 
some  months,  showed  immunity.  The  inoculations  have  been  often 
repeated  with  a  therapeutical  object,  that  of  curing  lupus,  cancer,  or 
some  malignant  new-growth  by  exciting  erysipelas  in  it ;  and  it  is  said 
with  good  results. 

The  evidence  is  therefore  very  strong  that  this  organism  is  the  real 
cause  of  erysipelas,  the  only  doubt  being  whether  it  is  really  distinct 
from  the  streptococcus  of  pus,  to  be  afterward  spoken  of.  There  is, 
however,  a  difference  between  the  two  in  their  pathogenic  action  on 
animals,  suppuration  being  a  rare  result  of  the  erysipelas  cocci ;  just 
as  it  is  an  infrequent  complication  of  true  erysipelas  in  man ;  and, 
when  observed,  is  usually  in  the  lymphatic  glands. 

The  streptococcus  has  been  found  by  Emmerich  and  Eiselsberg  in 
the  air  of  surgical  wards  where  cases  of  erysipelas  had  occurred 
(Baumgarten).  From  this  fact  and  others  it  would  appear  that  this 
microorganism  is  not  exclusively  parasitic,  but  may  exist  as  a  mias- 
matic poison,  outside  the  human  body,  in  certain  places  and  at  certain 
times ;  and  the  epidemic  occurrence  of  the  disease,  as  well  as  its  prev- 
alence in  certain  buildings,  would  thus  receive  an  explanation.  It  is 
not,  therefore,  necessary  to  suppose  that  every  case  of  erysipelas  is 
derived  from  a  previous  case  of  the  same  disease. 

Several  streptococcus  forms  are  very  common  in  pus,  and  are  readily 
seen  in  pustules  or  inflamed  vesicles  on  the  skin. 

Streptococcus  Pyogenes  was  first  distinguished  in  pus  by  Ogston, 
and  cultivated  by  llosenbach.     It  occurs  in  acute  abscesses  and  in 
progressive  suppuration.     The  cocci  measure 
0.6  to  0.7/*  or  more,  and  occur  singly  or  in*  ^'"'-  ^^'*- 

chains  up  to  thirty  members.  Cultivated  in 
gelatine  they  do  not  liquefy  it,  but  form  on 
plnte-cultivations  round,  whitish  grains.  If 
sown  in  a  streak  the  cultivation  becomes 
brownish  and  swells  up  in  the  middle.  It 
also  grows  on  agar-agar  and  blood-serum, 
with  differences  which  need  not  here  be 
described.  The  most  favorable  temperature  £,.  '^T' 
18  from  95"  to  98°  1<. ;  at  a  lower  tempera-  j,,,',  ,,  soo.  (Flu«ok.) 
ture  it  does  not  grow  well.     The  growth  is 

always  very  slow.  In  a  vacuum  this  organism  converts  albumen  of 
white  of  egg  or  meat  into  peptones. 

The  cultivated  micrococci  inoculated  into  guinea-pigs  or  mice  pro- 
duce slowly  progressive  erysipelatoid  suppuration  and  death.  The 
tissues  and  abscesses  of  the  inoculated  animal  show  the  same  cocci. 

Streptococcus  pyogenes  is  the  organism  most  commonly  seen  in 
cases  of  pyiemia.  It  was  found  by  Rosenbach  in  five  out  of  six  cases 
of  mestastatic  pyaemia,  and  in  three  of  these  cases  no  other  coccus ;  in 
the  rest  another  species  (Sta])hylococcus  aureus)  was  found,  though 
in  smaller  numbers.     In  one  case  the  latter  species  was  the  only  one 


476 


THE    CAUSES    OF    DISEASE. 


foun<I.  There  mii3t  be,  therefore,  some  close  connection  between'the 
streptococcus  and  pyji^rnia.  IJut  since  it  is  also  found  in  collections  of 
pus  which  arc  p\irel_v  local  and  comparatively  innocent,  there  must  be 
some  mechanical  condition  %vliich  favors  the  access  of  the  organism  lo 
the  blood,  and  the  production  of  the  f^eneral  disease  calle«l  pyremiw. 
It  has  also  been  cultivated  from  idcerated  endocarditis,  thou(ih  not  the 
most  usual  form  in  tliat  disea-se.  Genendly  the  coccus  seems  to  be 
connected  with  difl'use  and  spreading  inflammations  more  than  with 
weli-detine<i  abscesse.s. 

This  organism  is  in  form  and  in  the  characters  of  cultivation  so 
much  like  the  streptococcus^  erysipelatos  that  many  bacteriologists 
think  the  two  to  be  really  identtcnK  The  chief  criterion  is  in  the 
different  effects  produced  by  inoculation  on  animals,  and  tliese  iliffer- 
ences  are  merely  matters  of  degree. 

Another  streptococcus  obtained  bv  Fliigj^e  from  the  spleen  in  a  case 
of  leuchiemia.  and  called  by  him  S.  pyogenes  maligtms,  also  appears 
to  be  indistinguishable  from  the  species  just  mentioned  by  form  or 
charjicters  of  cultivation,  but  has  a  much  more  powerful  pathogenic 
effect  on  animals.  NTice  and  rabbits  inoculated  with  a  small  quantity 
of  the  cultivated  orfranism  dicil  without  exceplioti  in  a  few  days,  having 
micrococci  in  internal  organs  and  often  in  the  pus  of  inflamed  joints. 
It  was  cultivated  from  a  necrotic  muss  in  the  spleen  in  a  case  of  leu- 
chiemia,  a  disease  which  it  presumably  had  nothing  to  do  with  ciiusing. 
A  very  similar  streptococcus  (S.  septicus)  was  obtained  by  Fliigge 
from  earth.  Those  species  are  only  important  ivs  showing  how  many 
closely  allied  forms,  with  slightly  dittert'Ot  pathogenic  properties,  there 
are. 

Streptococcus  Articulorum. — This  fi>rm  was  isolated  by  Loffler 
from  the  false  membmncfi  of  human  iliphtheria,  but  there  is  no  reason 
to  think  it  the  cause  of  the  latter  disease.  A  pure  cultivation  of  it, 
injecte<l  into  the  vtims  of  rabbits,  producwl  purulent  inflammation  of 
the  joints,  ami  in  the  pus  from  these  streptococci  were  found  in  large 
numbers.  Though  the  oriraiiism  is  not  known  to  produce  suppuration 
in  man,  these  experimeutul  results  have  great  clinical  interest. 

Micrococcus  ScarlatiiiaB(  Klein). — Several  observers  have  at  different 
times  found  micrococci  in  the  skin  or  internal  organs  of  persons 
affected  with  scarlatina;  but  either  these  results  showetl  obvious  ele- 
ments of  fallacy,  as  in  the  case  of  the  skin,  nv  else  they  were  believed 
to  be  due  to  infection  of  the  blood  uitli  the  organisms  of  suppuration 
(Streptococcus  pyogenes)  through  ulcers  of  the  tonsils. 

Dr.  Klein  has,  however,  lately  describe4l  a  micrococcus  which  he  be- 
lieves to  be  the  cau!*e  of  the  disease.  Taking  specimens  of  bloo<i  from 
eleven  cases  of  scarlatina  he  was  able  in  five  to  obtain  cultivations  of 
a  micrococctts  which  he  believes  to  be  specific,  wliile  in  the  other  cu.ses 
no  result  was  obt^iined.  The  organism  when  implanted  on  the  sur- 
face of  solid  cultivation-media  grows  very  slowly  in  the  form  of  "a 
grayish  translucent  film,  made  up  of  isolated  translucent  grayish 
circular  dots,"  which  when  numerous  are  scarcely  distinguishable  as 
dots  without  a  magnifying  glass.    When  inoculated  by  stabbing  on  the 
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same  media  it  also  appears  in  dots,  forming  a  streak,  which  when  old 
is  slightly  brownish.  In  liquid  media,  broth  or  milk,  it  forms  grayish- 
white  fluffy  masses.  The  milk  becomes  solidified.  The  form  in  liquids 
is  that  of  streptococcus,  on  solid  media  that  of  staphylococcus. 
-  In  one  of  the  fatal  cases,  cocci,  chiefly  in  the  form  of  diplococcus, 
were  found  in  the  cervical  lymph*glands  and  in  the  bloodvessels  of 
kidney  and  lung.  One  of  the  cases  of  scarlatina  had  died  from 
pyaemia. 

Cultivations  were  inoculated  under  the  skin  of  calves,  and  mice. 
There  was  no  suppuration  at  the  seat  of  inoculation.  The  calves  got 
thin  and  had  a  discharge  from  the  nostrils  ;  some  had  scurfy  patches 
with  loss  of  hair  on  the  skin,  and  an  eruption  on  the  nostrils.  When 
killed,  lesions  of  internal  organs  were  found,  viz. :  inflammation  of 
lymph-glands,  congestion  of  liver  and  spleen,  pneumonia,  inflammation 
of  the  kidneys,  and  pericarditis.  Some  of  the  mice  died,  and  similar 
visceral  lesions  were  found.  These  lesions  had  much  resemblance  to 
those  of  human  scarlatina,  as  least  as  regards  the  kidneys. 

A  similar  disease,  with  the  same  post-mortem  appearances,  was 
produced  by  feeding  calves  with  cultivations  of  the  micrococcus  derived 
from  cases  of  scarlatina,  mixed  with  milk.  Micrococci,  corresponding 
to  those  of  the  scarlatinal  blood,  were  found  in  the  diseased  organs  of 
the  calves,  though  in  small  numbers.  The  micrococci  were,  however, 
particularly  conspicuous  in  the  affected  portions  of  skin  in  the  calves ; 
and  similar  appearances  were  seen  by  Dr.  Kline  in  specimens  of  skin 
from  human  scarlatina.  Cultivations  from  the  blood  of  dead  animals 
yielded  a  micrococcus  like  that  of  the  original  cases. 

These  results  had  a  special  interest  in  consequence  of  the  resem- 
blance or  identity  of  the  lesions  produced  with  those  produced  by  a 
micrococcus  derived  from  a  disease  of  the  teats  of  cows  observed  on  a 
dairy  farm  at  Hendon  in  1885 ;  which  disease  was  believed,  by  infect- 
ing the  milk  of  the  cows,  to  have  given  rise  to  cases  of  human  scarla- 
tina. The  micrococcus  derived  from  that  disease  had  also  the  same 
characters  as  that  derived  from  cases  of  scarlatina.  Hence  Dr.  Klein 
has  denominated  the  organism  from  these  sources  micrococcus  scar- 
latinse. 

The  intricate  questions  involved  in  this  case  cannot  be  discussed 
here ;  but  we  must  say  that  the  evidence  that  the  milk  in  the  case  of 
the  Hendon  cow-disease  was  not  infected  by  cases  of  human  scarlatina 
is  not  complete.  More  recently  it  has  been  maintained  that  the  Hen- 
don cow-disease  is  identical  with  a  comparatively  common  disease  of 
cows,  the  existence  of  which  is  usually  concealed  by  dairymen  for  ob- 
vious reasons ;  and  this  disease  Dr.  Crookshank  believes  to  be  the 
same  as  the  original  cow-pox  of  Jenner.  All  that  can  be  said  here  is 
that  the  question  is  still  sub  judice. 

The  one  point  not  quite  clear  in  regard  to  Dr.  Klein's  micrococcus  is 
whether  it  is  or  is  not,  identical  with  some  other  form  of  streptococcus, 
especially  with  Streptococcus  pyogenes.  Dr.  Klein  thinks  that  the 
details  of  cultivation  and  the  effects  on  animals  sufiiciently  distinguish 
the  two  forms.     Considering,  however,  the  uncertainty  felt  by  many 
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bacteriologists  as  to  iho  specific  distinctness  of  the  vurious  streptococci, 
and  especirtUy  since  a  species  believed  to  be  streptococcus  pyogenes 
has  several  times  been  found  in  the  bodies  of  patients  with  scarlatina, 
this  point  seems  to  require  further  investifjation.' 

Micrococcus  Vacciniae  et  Variolae. — It  may  be  regarded  as  certain 
that  the  virus  of  smallpox  and  tiiut  of  vaccination,  are  both  conveyed 
by  solid  particles.  In  Dr.  Bunion  Sanderson's  words,  "  the  virus  is 
particulate,"  as  was  shown  by  hiui  and  by  Chauveau.  by  means  of » 
special  method  of  filtration.  Since  their  researches  were  made, 
micror^rganisms  have  been  demonstrated  both  in  the  variolous  and  the 
vaccine  vesicle.  They  are  cocci,  round  or  slightly  oval,  single,  united 
in  chains  or  in  colonies,  ^'o  difi'ereiice  can  be  traced  between  thectxri 
of  vaccination  anil  those  of  variola.  From  the  vaccine  vesicle  it  is 
possible  to  cultivate  several  micrococci  which  grow  fi'eely  on  gelatine. 
Guttmnnn  found  four  species,  two  pathogenic  and  two  not.  All 
attempts  to  reproduce  the  lesion  of  vaccination  from  the  cultivate*! 
organisms  have  at  present  failed.  Proof  is,  therefore,  wanting  that  these 
organisms  are  tlie  cause  of  the  diseases  in  ijuestion  ;  they  may  be  mere 
innocuous  inhiibitantH  of  the  vesicles,  or  they  may  be,  as  is  very  pro- 
bable, sometimes  the  cause  of  the  suppuration  which  subsequently 
occurs. 

MICROCOCCI  OF  SUPPURATION. 


It  is  a  matter  of  no  (Jifficulty  to  detect  by  appropriate  methods  the 
presence  of  micrococci  in  almost  all  collections  of  pus,  large  or  small, 
in  the  human  body.  The  cases  in  which  no  microorganism.^  arc  found 
will  be  considered  hereafter. 

It  is  a  matter  ni'  more  difficulty  to  discriminate  the  various  forms 
met  with ;  but  through  the  labors  of  several  investigators,  especially 
Ogston,  Kosenbach,  and  Passet,  certain  fonns,  apparently  true  species, 
have  been  distinguished  which,  both  in  morbid  specimens  and  in  cul- 
tivations, preserve  a  constant  form  and  mode  of  growth. 
The  foUowing  species  have  been  discriminated  : 
btreptococeus  pyogenes. 
Staphylococcus  pyogenes  aureus. 
Staphylococcus  pyogenes  albus. 
Staphylococcus  pyogenes  citrous. 
Staphylucijccus  cereua  albus  (Pas-iet). 
Staphylococcus  cereus  flavus  (Passet). 
There  are  probably  otber  species  present  in  some  cases. 
The  streptococcus  has  already  been  spoken  of. 
Staphylococcus  pyogenes  aureus  is  perhaps  the  most  generally  dis- 
tributed of  nil  pyogonic  or  suppurative  bacteria.      It  was  first  noticed 
by  Ogston,  wlin  gave  the  generic;  name ;  and  cultivated  by  Rosenbaoh, 
who  called  it  aureus  on  account  of  the  golden-yellow  color  of  the  culti- 
vations.    The  separate  cocci  are  spherical,  and  on  the  average,  87  f* 
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in  diameter.  It  grows  sometimes  in  pairs  or  short  chains  (Crookshank), 
bat  generally  forms  masses  or  colonies.  It  grows  somewhat  rapidly,  and 
forms  on  agar-agar  by  the  second  day  yellow  masses.     When  inserted 
into  gelatine  it  rapidly  liquefies  the  me- 
dium, forming  a  pit  filled  with  liquid,  to  Fm  j35. 
the  bottom  of  which  the  growth  sinks  after 
some  days  as  a  yellow  precipitate.     No 
gas  is  produced,  and  there  is  no  odor  of 
putrescence.      It   peptonizes  albuminous         \^    fr' J' 
substances.     The  growth  has  great  power       (^^ "  ■!  -'  ^'^■^^mmv 
of  resistance,  and  may  retain  its  vitality      £^^-'--'^^*;^  '"^^%'y 
for  some  months.     The  best  temperature      '^- "^r'^t^V  '  ^'^•■■y 
is  from  86°  to  100°  F.,  but  it  jjrows  slowly         /^  iy  ^.'*'      5«\ 
at  ordinary  temperatures.     It  can  grow         v4^'ii^%       '^^^-^ 
with  little  or  no  air,  but  the  presence  of          ""^^  ^\j 
oxygen  is  necessary  to  develop  the  yellow     pus  with  staphyiKHKicu*.  x  800. 

color.  (FLnGQB.) 

Habitat.  —  This  organism  is  found  in 
nearly  all  collections  of  pus ;  most  constantly  in  boils,  whitlows,  car- 
buncles, pustules  of  the  skin  (impetigo),  and  in  definite  circumscribed 
abscesses  of  the  subcutaneous  tissue.  In  all  these  it  is  the  predomi- 
nant organism,  but  it  occurs  almost  as  constantly,  along  with  other  cocci, 
in  suppurating  glands,  empyema,  purulent  inflammations  of  joints,  and 
numerous  other  suppurative  inflammations.  It  is  constantly  present  in 
acute  osteomyelitis,  and  was  at  first  described  as  specially  belonging  to 
that  disease ;  and  is  found  with  other  forms  in  pyaemic  abscesses.  It 
occurs  only  sporadically  in  the  blood  of  these  cases,  but  is  found  in 
most  cases  of  endocarditis.  Now  it  is  important  to  notice  that  the 
same  organism  may  be  obtained  by  cultivation  from  the  surface  of  the 
body,  in  moist  parts  of  the  skin,  especially  if  dirty,  and  in  matter 
from  under  the  nails,  and  has  been  found  in  healthy  mucus  from  the 
pharynx,  and  in  normal  saliva.  In  cultivations  of  various  kinds  from 
the  skin  it  usually  comes  up  along  with  other  organisms.  Further,  it 
has  been  found  apart  from  the  human  body  in  "slop"  water  of 
kitchens,  in  the  earth,  and  even  lately,  it  is  said,  in  the  air.  There 
is,  therefore,  great  probability  that  it  is  widely  scattered  about  in 
human  dwellings,  and  must  be  regardetl  as  having  an  ectogenic  as 
well  as  a  parasitic  life. 

Pathogenic  Effect. — There  can  be  no  doubt  that  this  organism  is  a 
direct  producer  of  suppuration  and  is  able  alone  to  set  up  this  process. 
For  proof  it  is  hardly  necessary  to  go  beyond  the  experiments  which 
several  pathologists  have  made  upon  themselves. 

Thus  Garre  inoculated  a  small  quantity  of  staphylococcus  cultiva- 
tion into  the  root  of  the  nail  of  one  of  his  fingers,  and  produced  a 
subcutaneous  suppuration,  in  fact  onychia.  From  this  he  cultivated 
the  S.  aureus,  and  finding  that  small  masses  did  not  succeed,  he 
rubbed  a  considerable  mass  of  the  third  cultivation  with  some  force 
into  the  skin  of  his  arm.  After  four  days  a  formidable  carbuncle  was 
produced,  with  some  scattered  boils,  and  it  was  not  till  after  many 
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weeks  that  the  eruption  was  healed,  leaving  behind  it  seventeen  m 
A  pure  cultivation  of  S.  aureus  was  obtained  from  the  pus.  BoAb: 
applied  small  quantities  of  the  cultivated  organism  in  a  stdLxi 
solution  of  salt  to  the  skin  of  his  arm,  which  was  in  one  pan  sli^ 
scratched,  and  found  small  furuncles,  but  chiefly  pustules  of  impedp. 
develop  even  where  the  skin  was  quite  intact.  Elxamination  at  ^ 
skin  showed  that  the  cocci  entered  the  ducts  of  the  sebaceoasat 
sweat  glands  and  sheaths  of  hair ;  and  where  the  skin  va.*  \aiia 
invaded  the  Malpighian  layer  of  epidermis.  The  explanatioD  i 
Garre's  results  was  doubtless  that  the  cocci  were  firmly  pressed  iE2 
the  glands. 

Bumm  succeeded  in  producing  typical  acute  abscesses  in  tiw  A- 
cutaneous  tissue  of  himself  and  others  by  injecting  with  a  srrap 
(under  the  skin)  small  quantities  of  the  cultivated  staphylccocoi 
along  with  salt  solution.  The  abscesses  were  in  some  cases  as  lti;p 
as  a  fist,  and  contained  the  organism  in  abundance. 

Compared  with  the  above  results,  those  of  experiments  on  aniiBii 
are  less  important  and  also  less  uniform.  Mere  subcutaneous  iDoa 
lation  produces  little  effect,  but  more  forcible  injection  produces  ii^ 
puration  in  rabbits  and  guinea-pigs.  The  organism  injected  into  tk 
peritoneum  produces  fatal  peritonitis ;  and  introduced  into  the  bloc 
has  caused  suppurative  attacks  and  inflammation  of  the  kidoen 
Endocarditis  has  resulted  if  the  valves  of  the  heart  were  injun^J  n 
the  same  time.  The  coccus  of  osteomyelitis,  which  is  doubtless  nks- 
tical,  has  produced,  when  injected  into  the  blood,  inflammatii«  4 
bones,  if  the  bones  had  been  previously  injured. 

These  results  are  less  constant  than  in  the  human  experimtnE. 
and  the  reason  evidently  is  that  the  staphylococcus  has  more  aisn 
for  the  human  tissues,  being,  so  far  as  it  is  a  parasite,  a  parasitt  i 
man. 

It  may  be  asked,  if  the  organism  is  so  frequently  present  on  ti* 
surface  of  the  body,  why  does  it  not  oftener  produce  suppurati<'ii : 
The  reasons  seem  to  be:  first,  that  some  kind  of  wound  orel>ec^^t 
siderable  pressure  is  necessary  to  enable  the  cocci  to  penetrate 'It 
skin  ;  secondly,  that  some  skins,  for  instance  those  of  chililrvn.  t> 
more  easily  penetrated,  and  thus  children  are  particularly  liablt- 1" 
impetigo  and  to  "festering"  wounds;  and,  thirdly,  there  ma^t  W 
conditions,  not  clearly  definable,  which  make  the  tissues  of  some  {tt- 
sons,  and  of  the  same  person  at  different  times,  especially  liable  ti- 
the attacks  of  bacteria  or  deficient  in  power  of  resistance.  *  The  feo 
of  contagious  suppuratioq  previously  stated  (p.  356)  are  explicable  t 
due  to  the  action  of  this  micrococcus,  and  hardly  in  any  other  wat; 
and  the  same  is  true  of  a  portion  of  the  process  of  pytemia  (p.  3o^';; 
since  we  must  suppose  that  this,  like  other  parasites,  will  protiort 
very  tlifferent  results  when  introduced  into  the  bluod  or  tissaes  ihn 
to  those  it  j)ro(luces  in  the  skin  or  external  parts. 

There  can  be  little  doubt  of  this  coccus  or  allied  species  being  tb* 
cause  of  the  suppuration  which  often  supervenes  in  certain  cutanea* 
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affection  not  at  first  suppurative,  such  as  acne,  herpes,  tinea,  and  in 
some  cases  eczema. 

The  actual  process  by  which  staphylococcus  sets  up  suppuration 
seems  to  be  chiefly  by  its  solvent  and  necrotic  action  on  the  tissue- 
elements  ;  and  by  the  injury  thus  caused  to  the  walls  of  the  blood- 
vessels, which  then  permit  increased  transudation  and  emigration  of 
leucocytes.  It  may  be  plausibly  supposed  that  some  enzyme  or  fer- 
ment generated  by  the  bacteria  is  the  actual  solvent;  but  no  such 
substance  has  yet  been  isolated. 

Two  other  species,  Staphylococcus  pyogenes  citreus  and  S.  albus, 
precisely  agree  with  that  just  described  in  fonn  and  cultivation  char- 
acters; differing  only  in  color.  Their  pathogenic  effect  is  also  the 
same ;  some  think  less  powerful,  others  more  so. 

Staphylococcus  cereus  albus  and  S.  fiavus,  two  species  discovered  in 
pus  by  Passet,  much  resemble  the  other  forms,  but  in  cultivations  do 
not  liquefy  gelatine.     They  have  no  pathogenic  eff"ect  on  animals. 

Micrococci  of  Endocarditis. — In  the  ulcerative  form  of  this  disease, 
micrococci  are  often  found  on  the  ulcerated  valves,  or  in  the  adjacent 
parts  of  the  heart  walls ;  and  there  is  no  difficulty  in  believing  that 
they  are  the  cause  of  the  disease,  which  in  many  features  resembles 
the  specific  infective  diseases,  and  approaches  very  near  to  pyjemia. 

Ki.:.  I. ■•.'•. 


Microcticci  in  carditis.     X  701)  (P'luoje,  alter  Koch). 


The  cocci  have  been  cultivated,  and  generally  belong  to  the  form 
staphylococcus,  more  rarely  streptococcus.  No  specific  organism  has 
been  found.  It  is  said  that  the  same  micrococci  occur  in  some  cases 
of  ordinary  vegetative  (verrucose)  endocarditis;  but  it  must  be  less 
constantly. 

Connection  witli  Suppuration. — That  the  various  pyogenic  organ- 
isms now  spoken  of  are  actually  the  cause  of  suppuration  cannot  be 
doubted ;  but  it  is  certain  that  the  process  may  be  set  up  by  other 
agents.  For  instance,  powerful  chemical  irritants,  such  as  turpentine, 
croton  oil,  carbolic  acid,  ammonia,  when  injected  into  the  subcutaneous 
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tissue  of  auitiials,  with  strict  precautions  to  prevent  On?  entrance  of 
bacteria,  liMve  prodiieed  iihscesses  ;  nmi  it  is  to  be  oljservt-d  that  some 
of  tlie  above  siibsliinces  are  powerful  biicterici(lf.s,  utu!  woiihl  prevent 
the  growth  of  any  organisms.  Kectiilly  llie  .siinie  power  has  been 
found  to  be  possessed  by  a  very  different  subslaiice,  cadaverine,  one  of 
the  ptomaines  obtained  by  Briiger  from  putrid  matters,  but  not 
poisonous  (piage  312).  This,  injected  into  a  »*terilizcd  sohition  under 
the  skin  of  animals,  produced,  ncrording  to  Gravvitz,  either  sloughing 
or  purulent  inllaniniation,  or  merely  intiummHtory  u'dema,  according 
to  the  degree  of  conocirtration.  If  abscesses  were  produced,  they  con- 
tained no  orgnnisms  ;  for  cadaverine,  far  from  favoring  tlie  growth  of 
staphylococcus,  is  found  to  stop  its  growth  and  kill  it. 

It  would  a[tpear,  also,  that  animal  parasites,  such  as  cysticercusand 
echinococcus,  have  the  power  of  exciting  suppuration  without  the 
presence  of  micrococci.  But  though  these  other  agents  are  quite  pos- 
sible causes  of  the  formation  of  pus,  micrococci  appear  to  be  far  the 
most  frequent  cause,  since  Ogston  never  failed  to  find  some  in  seventy- 
four  abscesses  not  previously  opened. 

Connection  with  Pysemia. — This  disease  has  already  been  referred 
to  as  due  to  external  [utiwin  or  poisons,  and  doiibtle.'^s  in  some  of  the 
mierococei  we  have  the  poisonuus  agent.  The  .•^tn-ptococcus  pyogenes 
seems  to  be  the  most  important  species,  but  otliers  are  found  also. 
Some  difhcuhy  will,  however,  be  felt  in  understanding  how  these 
organisms  produce  a  disease  so  much  graver  than  their  ordinary  patho- 
genic effects.  One  explanation  makes  the  difference  a  question  of 
dose.  A  few  micrococci  entering  the  Wood  are  lost,  hut  a  quantity 
too  largo  to  be  at  once  destroyed  estahlishe.<  itself  in  the  body.  There 
is  no  evidence  that  these  micrococci  multiply  in  the  blood,  but  they 
become  attached  to  the  endothelium  of  capillaries,  where,  if  few  in 
number,  they  may  be  absorbed  and  destroyed  by  the  endothelial  cells 
(according  to  Wys.sokowitsch),  but  if  more  numerous  they  block  the 
vessels  and  lead  to  the  formation  of  metastatic  abscesses  already 
spoken  of,  so  far  as  these  are  not  |)rodu€ed  by  direct  embolism. 

Again,  a  predisposition  to  pyiemia  is  thought  to  be  given  by  a  con- 
dition of  depressed  vitality  in  llie  patient  as  diminishing  tlie  power  nf 
reaction  whicfi  the  tissues  possess.  This  lowered  vitality  may  result 
from  liad  nutrition  or  Irom  the  shock  of  severe  wounds,  as  is  seen  in 
military  surgery. 

A  third  concurring  factor  in  jiyumia  is  doubtless  a  septic  or  putrid 
condition  of  (he  wound,  its  discliarges,  or  some  part  of  the  body.  It 
was  thought  at  one  time  thot  the  bacteria  proclueing  pysemia  were  the 
same  as  the  septic  bacteria  formerly  spoken  of.  But  it  is  clear  thai 
the  septic  species  are  not  the  cause  of  the  secondary  lesions,  at  least 
directly  '.  and  are  not  present  in  them.  Remembering,  however,  the 
action  of  cadaverine  in  setting  up  suppiuration,  it  is  probaide  that 
ptomaines  of  this  class  produced  in  uidiealthy  wounds  and  absorbe*! 
may  have  mucli  to  do  with  the  funnaiion  of  umitiple  abscesses,  as  well 
as  of  fever  ami  general  poisoning.  Se[itic  organisms  and  putrefying 
materials  in  the  intestine  have  been   thought  to  act  as   predisposing 
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causes.     But  in  spreading  and  multiple  suppuration,  at  all  events,  the 
micrococci  are  one  indispensable  factor.' 

Hicrococcns  gonorrhoese  (Gonococcus). — This  coccus,  discovered  bj 
Neisser  in  1879,  is  constantly  found  in  the  pus  of  gonorrhoea,  and 
appears  to  be  the  cause  of  the  disease.  Its  diameter  is  about  1.25  (i. 
The  cocci  are  usually  seen  undergoing  division,  or,  it  might  be  said, 
united  in  pairs,  in  the  form  of  Diplococcus.  These  by  lateral  exten- 
sion form  flat  groups  or  plates  of  fours.  The  cocci  grow  and  multiply 
within  pus  cells  or  sometimes  epithelial  cells,  and  are  rarely  seen  free 
in  the  secretion.  This  peculiarity  is  one  which  distinguishes  them 
from  the  cocci  of  suppuration ;  from  which  they  also  differ  in  form, 
and  in  not  retaining  the  color  of  aniline  dyes  when  treated  with 
iodine  (Gram's  method).  The  organism  is  very  diflRcult  to  cultivate, 
not  growing  on  gelatine,  but  growing  slowly  on  blood  serum.  Bumm 
inoculated  a  cultivation  on  the  normal  urethra  with  the  result  of  pro- 
ducing acute  urethritis. 

The  gonococcus  is  only  found  in  gonorrhoeal  affections  of  the 
urethra,  the  bladder,  or  female  organs;  and  in  specific  gonorrhoeal 
conjunctivitis.  It  is  said  that  the  organism  has  been  found  in  gonor- 
rhoeal affections  of  joints,  but  in  other  cases  this  has  not  been  con- 
firmed. It  remains  uncertain,  therefore,  whether  these  metastatic 
affections  are  produced  by  the  same  coccus ;  though  the  evidence  for 
ifcB  pathogenic  character  in  the  primary  affection  is  very  strong. 

Micrococci  of  Pneumonia. — Several  kinds  of  bacteria  have  been 
obtained,  either  from  the  sputa  or  the  tissues  in  acute  lobar  pneumonia, 
though  it  is  not  clear  that  the  cause  of  the  disease  has  yet  been  found. 

The  species  first  isolated  and  recognized  was  Friedlander's  micro- 
coccus or  Pneumonococcus,  by  some  regarded  as  a  bacillus.     It  con- 
sists of  oval  cells,  which  might  be  regarded 
either  as  oval  cocci  or  short  rods,  sometimes  Vm.  I37. 

connected  in  pairs  or  short  chains.     When  '2)/'^ 

seen  in  the  lung,  the  cocci  are  surrounded  by         ^»  y  ^M^fSi 

a  sort  of  capsule  of  considerable  thickness.        e\^^\°i*      (^@~  ^ 


I  0  — 

This  structure  is  not  peculiar  to  this  organ-  ^"5'         ^©^ 

ism,  since  several  species  of  bacteria  from  *  % 

different  sources  show  capsules,  but  serves  to      t..;  >i-   1    • 

,.     .  ...     -  .       ^ .       .  .       .  .  rriedhindere  pnoumono- 

distinguish  It  from  others  in  this  situation.  coccus  (Fluoo*).    x  too. 

It  was  found  by  Friedliinder  and  others  in        a.  From  cultivation.    6. 
the  pneumonic  exudation  both  in  sections  and     From  pneumonic  exudation 
in  fluid  obtained  by  scraping  the  cut  surface     with  mipsules. 
of  the  lungs.     It  has  also  been  detected  in 
the  sputum  of  pneumonia,  as  well  as  in  pleurisy  and  pericarditis. 

It  is  cultivated  easily  on  various  nutrient  media,  but  in  cultivations 
the  cocci  show  no  capsules  (Fig.  137,  a).  The  gelatine  cultivation 
produced  by  insertion  assumes  the  shape  of  a  round-headed  nail.  The 
cultivated  organism  has  been  directly  injected  into  the  lungs  of  mice 

1  On  the  relation  of  niicroeooci  to  suppuration,  fee  Mr.  Wataon  Cheyne's  Lectures  on 
Suppuration  and  Septic  Dievascii,  Brit.  Med.  Journal,  February  25, 1888,  ct  neq. 
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through  the  chest  wall;  and  all  of  thirty-two  thus  treated  ditdiu 
inflammation  of  the  lungs  and  pleura.  The  same  coccus  vas  foasM 
the  lung,  spleen  and  blood,  and  with  a  capsule  as  in  the  human  Im: 
Rabbits  were  unaffected.  Inhalations  of  cultivations  mixed  up  ini 
water  also  produced  inflammation  of  the  lungs  in  mice.  While  tfe» 
results  show  that  the  organism  in  question  is  capable  of  exdtt; 
inflammation  and  of  gi'owing  in  the  tissues  of  living  animals,  t'oevv 
not  show  it  to  be  the  cause  of  pneumonia,  since  it  is  not  constio^ 
present ;  and  there  are  several  other  species  found  under  the  ?»» 
circumstances. 

Diplococcus  pneumoniae. — A  coccus  growing  in  pairs,  stimetimea 
chains,  up  to  twenty  or  thirty  members,  was  is<>late<l  bv  Frankel,  d 
was  independently  discovered  by  Weichselbaum.  It  forms  ofisi? 
like  Friedliinder's  coccus ;  but  is  distinguished  by  characters  in  fa!> 
vation  which  cannot  be  described  here.  The  cultivated  oi^dm 
injected  under  the  skin  of  rabbits  and  mice  produces  little  local  n»- 
tion,  but  gives  rise  to  a  general  septicemic  disease,  generally  6ij. 
Pneumonia  and  pleurisy  were  set  up  by  subcutaneous  injection  "fi 
weakened  cultivation  or  by  introducing  the  cultivation  direct  into  tk 
lung. 

Ihis  organism  is  stated  to  be  constantly  found  in  the  pneum-xit 
lung,  and  to  have  a  very  certain  pathogenic  effect  on  animals.  lis 
therefore  claimed  that  it  is  the  specific  cause  of  pneumonia. 

Weichselbaum,  however,  holds  that  the  disease  mav  be  producdij 
several  difleront  organisms,  of  which  this  coccus  is*  one,  and  Fiw- 
lauder's  coccus  another. 

Considering  the  large  part  played  by  coltl  in  exciting  pneumonia  j 
the  human  subject,  it  does  not  seem  a  neces!«arv  supposition  thattht'': 
is  any  one  specific  cause  for  the  disease.  Possibly  the  coci-i  vbi 
have  been  found  are  merely  8apro{)liytic  inhabitants  of  the  air-ft- 
sages,  which  ac([uire  a  special  vitality  in  the  inflamed  lun'^. 

Micrococci  of  other  Diseases. — It  should  be  mentioned  that  m:fr> 
cocci  have  been  found  in  several  other  diseases,  and  in  somj  appear'' 
be  pathogenic;  but  if  so  they  are  not  specific,  being  probablv  ti? 
same  forms  as  iiave  been  described  in  connection  witli  suppuration. 

Exanij)les  of  such  diseases  are:  measles,  diphtheria,  cerebro-swDii 
meningitis,  trachoma  or  Egyptian  ophthalmia,  vellow  fever,  ifri 
others ;  with  regard  to  all  of  which  the  casual  relation,  as  well  as  tb: 
specific  distinctness  of  the  cocci  met  with,  are  quite  uncertain. 

A  few  micrococci  which  are  pathogenic  in  animals  may  be  nie> 
tioned. 

Micrococcus  tetragenus  {i.  e.,  forming  tetrads  or  groups  of  four'.— A 
small  coccus  about  0.1  /j  in  diameter,  always  arranged  in  flat  plate -t" 
four,  inclosed  in  a  hyaline  capsule.  It  was  found  bv  Gaff^kv  in  tK 
wall  of  a  tuberculous  vomica  in  the  lung.  It  has  been  cultivated  »i"' 
injected  into  white  mice,  who  die  in  from  three  to  ten  days,  shonin: 
the  characteristic  tetrads  in  all  their  organs.  The  commongrav  m-.n- 
is  immune.     Its  importance  in  human  pathology  is  uncertain,  bni  - 
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rccogiiij 
and  lorms  a  conspicuous  object.  Fig 
spleen  of  a  inou^e  iiititicisilly  inocu- 
lated. A  Rpt'ciiiien  of  lung  is  shown 
in  the  frontinpioce.  Tlit^  coccus  is 
Stated  to  be  always  contained  in  the 
bhwdvessels. 

Micrococcus  of  Foot  and  Mouth  Dis- 
ease. From  vcsiolrs  on  the  iWt  uf 
shoi'])  suflVfinrj  Tnnji  this  dise.'i^e  Kiein 
isohited  an  orgauittin  growing  in  the 
form  of  a  titreptococcus.  Cultuft.s 
made  from  this  were  inoculated  into 
«hoep  and  other  animals  without  effect; 
but  when  sheep  w<'re  fed  with  the  cul- 
tures. Ijalf  of  them  became  affected  witli 

a  disease  i>r  the  feet  iilenticnl  with  the  original.  From  tla-  vesicles 
of  the  e.\|»eriinented  animals  a  streptococcus  was  cultivated  idrnlical 
in  form  with  the  original ;  and  sections  of  their  skin  showed  the  same 
characteristic  changes. ' 

Since  this  disease  has  been  known  tu  occur  in  man,  these  results 
are  not  without  iniportiincc  for  human  piithology. 

Micrococcus  Cholerse  Oallinarum. — This  organism  jin>duces  a  dis- 
ease i>f  ixnihry  caned  (."li<>li!-ra  des  Ponies,  or  Fowl  Cholera  (though 
it  hns  little  resemblance  to  choleni).  It  i.s  a  coccus  0.2  or  0.3  f*  in 
diameter,  usually  unitcrl  in  pnirs,  as  a  diplococcus.  By  others  it  is 
described  as  a  bacillus  1  to  1.2"  in  length:  and  indeed  if  seen  with 
high  powers  it  floes  look  like  a  rod.  It  has  nu  interest  in  human 
pathology  except  for  the  remarkahle  researches  made  (iii  it  by  Pasteur, 
which  are  worth  study  as  an  example  of  method  (see  Coniil  et  Babes, 
i<'«  Baet^ries). 

Pasteur  also  discovered  a  means  of  attenuating  the  virus  so  as  to 
produce  sometliing  the  inoculation  of  which  acts  toward  the  diseiuse 
as  vaccinati(Ui  acts  wilh  regard  to  smanp<ix  :  giving  immunity  against 
the  scvt-rcr  disease. 

Micrococci  of  Septic  Diseases  in  Rabbits. — Koch,  by  a  remarkable 
series  of  researches,  succeede<l  in  isolating  three  .species  of  micrococci 
found  in  rabbits  which  were  infected  with  putrid  infusions  of  moat,  etc., 
or  with  decom[)osing  bloiid.  The  one  produced  death  by  septicemia  ; 
another  pya-mia,  and  the  tliird  progressive  phlegmonous  suppuration. 
The  same  diseases  resulted  in  other  animals  into  which  the  exudatii)US 
or  bhiiiil  were  inoculated.^ 

Micrococcus  Fyocyaneus,  coccus  of  IjIuc  pus  (IJncillus  pyoc3'aneus, 
Bacteriutn  leruginosum). — The  pus  and  dressing  of  wounils  sometimes 


>  Supplement  to  Fifteenth  .\nnuiil  B«'pjrl  of  I/xral  Oovcrutiiciit  Bi>ur.l,  1885-8H. 
Ij«)n.k>n,  IHSit. 

For  <let»iilii  of  Ihew  important  resienrchos  soc  Koch  on  Inl'cciivi'  Traumatic  DiaoaMS 
(Eng.  translation h  puWiehed  by  New  Brdenhaiu  Society 
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exhibit  a  remarkiible  blue  color,  wtiicli  is  found  to  depeud- upon  a 
tuicro<"»rgauii?m  thus  named,  wliich  is  by  some  regarded  a.s  a  bacillus. 
It  forma  short  rods  or  oval  cocci.  Grown  iu  a  tube  on  j^elatine  it 
liquefies  this,  producing  a  fluorescent  blue  color  on  the  surface.  The 
coloring  matter  (Pyocyaniu)  can  be  extracted  by  chloroform  (from 
bandages,  etc.,  also)  and  crystallized.  The  organism  is  tpiite  innocuous 
to  the  wounds  in  which  it  grows  as  a  saprophyte  [see  Fig.  122). 

Sarcina  Ventriculi. — This  parasite,  discovered  by  Good,sir,  has  been 
known  for  many  years,  but  only  lately  has  been  nmged  among  the 
Bacteria.  The  chiiractei's  of  tin.-  genus  Imve  already  been  given.  S. 
ventriculi  is  found  very  generally  in  the  stomaclu  but  is  liiost  numerous 
when  the  organ  is  dilated  or  contains  mucL  watery  acid  fluid  in  the 
disease  allied  Pyrosis.  There  is  no  proof  at  all  that  the  sarcina  is  a 
cause  of  disease.  It  is,  however,  noteworthy  that  when  cultivated  in 
hay  infusion  it  produces  an  acid  reaction.  It  has  sometimes  been 
found  in  the  lungs,  and  once  in  the  hniin.  It  can  be  cultivated  on 
pota.toos,  and  on  gelatine  plates.  The  cells  are  on  an  avci*age  2.  ">  "  in 
diameter,  and  of  a  yellowish  or  brownish  color,  arranged  in  sijuare 
packet,s  of  eight.  A  much  sjuiallcr  sjiecies,  Sarcina  uriuii?,  has  been 
found  in  the  urine.     Several  others  are  known,  from  water  or  air. 


I'ATHiM-.ENIC    BACILLI. 

Before  studying  tlift'f«e  organisms,  which  produce  some  of  tlie  inf>8t 
important  of  parasitic  diseases,  it  will  be  well  to  be  ac(juainte<l  with  a 
common  non-patbngenic  form  which  is  a  good  example  of  tiie  genus. 

Bacillus  Subtilis,  or  the  hay-bacilhis,  is  an  almost  universally  dif- 
fused species,  whicli  may  be  obtained  for  examination  by  infu.>>iug  a 
little  hay  in  water.  If  the  iiifusi"Ui  be  boiled,  other  organisms  will  be 
killed,  but  IJacillus  subtilis  survives.  On  filtering  the  solution  a 
nearly  pure  ciikivation  is  obtained.  It  is  afso  found  with  other 
animal  and  vegetable  forms  in  any  water  containing  dead  vegetable 
matter,  such  as  flowers.  Tlie  rods  measure  up  to  •_»  i'  long,  and  about 
1  or  2  Z'  broad.  They  are  mobile  with  flugolla,  and  grow  into  long 
segmented  threads,  the  segments  having  rounded  ends.  They  also 
form  spores.  These  processes  may  be  well  studied  in  a  drop  of  hay 
infusion,  especially  if  the  bacilli  be  crdored  with  a  little  methylene- 
blue,  fuchsine,  or  other  dye.  It  is  to  be  noted  that  the  spores  are  not 
colored  by  the  ordinary  process,  but  may  be  so  by  heating  in  a  solu- 
tion of  fuchsine  for  twent}"^  minutes.  A  drop  may  be  dried  on  a  cover 
glass  and  mounted.  The  study  of  this  common  object  is  a  good 
])reparation  for  the  study  of  pathogenic  bacilli.  It  may  be  cultivaled 
on  potatoes,  gelatine,  etc. 

The  following  species  of  bacilli  will  here  be  noticed  : 

Paihogenk  in  man. 

Biicillus  anthracis. 
"        tulterculosis. 
'*        lejine. 
''        mallei  (of  Glanders). 
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Bncillu*  typliosiis  (of  Typhoid  Fever). 
(ei]emati!*  maligni. 
"       tli|ihilierift'. 
''        syphiliticus. 
"        I'hinoAcIerouiatig. 
''        iiialariaj  (?). 

)ecurrinff  m  mortdd  conditfong,  probahhf  gfiprophi/tit'. 
Bacillus  Neiipolitanus  (Eiimiericli). 
''       of  liiiman  septicieinia  (Klein). 
"       ])yogenes  fuetidus. 

*athogenie  in  animah. 

Bat-illus  of  swine  pla^jue. 
''       of  tetanus. 

*'       of  ulcerative  stomatitis  in  the  calf. 
*'       of  septicaemia  in  mice. 
Bacillus  (Clostridium)  of  symptaiiiatic  anthra.\. 

"Putrefactive  or  Zymogenie. 

Proteus  mirdbilis  et  vulgaris. 


Fifj.  i:i9 


IIACILLIS  AXTHR.\CI.<. 

This  organism  is  found  in  the  blood  of  animals  and  men  affected 
rith  the  malady  called  Anthrax  or  Splenic  Fever.  Tlie  human  dis- 
»se  is  known  jis  malignant  pustule  or  Woolsorter's  Disease,  and  in 
tussia  as  Siberian  ]»iague  (see  p.  38G). 

The  bacillus  was  briefly  mentioned  by  Rayer  and  Davaine  in  1850; 
afterward  more  fully  described  by  I'ollender  in  185.');  and  again  by 
Pavaine  in  1HC4.     Since  then  it  has  been  i^tndiod 
by  many  observers,  especially  lny  Koch  and  Pasteur. 

The  bacillus  is,  from  its  comparatively  large  size, 
more  ea.sily  seen  than  most.  The  ntds  are  3  to  "iO  ^ 
long  and  1.0  to  1.2  ji  thick,  with  sharply  truncated 
ends.  They  divide  when  they  have  doubted  their 
length,  but  when  cultivated  at  ytj"  F.  in  nutrient 
fluids  grow  out  into  long,  often  convoluted^  threads, 
in  which  the  individual  elementa  are  still  sharply 
distinguished.  After  a  time  the  formation  of  spores 
commences.  Spore-formation  is  possible  at  any  t«raperiiture  between 
60°  and  110°,  but  only  provided  there  be  free  excess  of  air.  Hence 
spores  are  formed  in  cultivatiotis  nn  solid  media,  or  on  the  surface  of 
fluids,  but  not  any  depth  below  the  surface. 

The  spores  are  formed  from  tlie  internal  protoplasm  of  the  rods; 
they  are  oval,  about  2  to  3  /i  long  and  1  ^  thick.  They  are  not 
stained  by  aniline  dyes  with  the  ordinary  processes,  and  hence  look 
like  colorless  dots  in  the  rods ;  but  when  exposed  to  a  hot  solution  of 
fuchsine  for  twenty  minutes  or  more  they  may  be  stained  red,  as  seen 
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in  the  frontispiece  (Fig.  5).    The  spores  were  shown  by  Koch  togm 
again  into  rods. 

The  bacillus  requires  air,  or  at  least  scarcely  grows  if  entirely  ie> 
prived  of  it,  but  a  small  supply  will  suffice.  The  luinimum  tempen- 
ture  for  its  growth  is  about  54°  F. ;  the  maximuni  108'^.  GroTths 
arrested  by  freezing,  but  the  vitality  not  destroyed.  Drying  up  kii 
the  bacilli,  but  not  the  spores.  In  dead  animals  the  bacilli  die  tf 
secluded  from  oxygen,  and  undergo  degeneration  till  they  entirely 'li*- 
appear  from  the  organs  and  blood  after  five  to  eight  days  (Klaiii. 
But  Koch  found  that  large  masses  of  affected  organs  might  prwfnr 
some  virulence  for  four  or  five  weeks.  The  bacillus  is  kille"!  k» 
temperature  under  boiling  point.  Spores  exposed  to  moist  Leal  a 
212°  are  killed  after  fifteen  minutes,  but  in  the  dry  state  they  sunire 
exposure  to  the  same  temperature  fur  an  hour. 

Cultivation  Experiments. — The  bacillus  forms,  in  plate-cultivat>5. 
round  dark  greenish-black  colonies,  which  are  just  visible  after  twentv- 
four  to  thirty-six  hours,  and  as  they  enlarge  become  surrounded  »ii 
a  wavy  outline,  which  under  the  microscope  is  seen  to  be  comp«»<<«l  / 
threads,  like  locks  of  hair,  passing  out  in  all  directions,  so  as  to  fi»ni 
a  flocculent  mass  of  a  grayish  color.     It  slowly  litpiefies  the  gelatin. 

If  inserted  into  tubes  containing  nutrient  gelatine,  '•  a  whitish  litt 
develops  in  the  track  of  the  inoculating  needle,  and  from  it  finefih- 
ments  spread  out  in  the  gelatine.  Occasionally  an  isolated  spi«J 
develops,  from  which  rays  extend  in  all  directions  like  the  filament 
of  thistle  down.  In  more  solid  nutrient  gelatine  the  growth  apptap 
only  as  a  thick  white  thread '"  (Crookshank).  As  the  gelatine  liquf- 
fies,  the  growth  subsides  as  a  white  flocculent  mass.  On  nutriint 
agar-agar  a  white  film  is  developed.  The  bacillus  grows  verv  well  -h 
potatoes,  and  forms  u  creamy  layer  Avhich  spreatls  over  the  sur&«. 
iSporos  are  produced  with  free  access  of  air,  and  rnay  be  preservwlia 
silk  threads  which  have  been  soaked  in  the  bacterial  film.  On  oAi- 
ulated  blood  serum  it  grows,  producing  liquefaction.  The  pr«"xlucti"i: 
of  spores  takes  about  twenty  hours  at  90°;  but  is  slower  at  l"Wi'r 
temperatures.  Deprivation  of  light  retards  their  development.  Tiir 
process  may  be  followed  in  a  "  hanging  drop"  of  nutrient  fluid  nii<i«T 
the  microscope. 

Inoculation  Experiments. — The  smallest  quantity  of  blood  from  in 
animal  suffering  from  anthrax,  if  injected  into  a  rodent  repr-jtluct-^ 
the  disease,  usually  causing  death  in  about  forty-eifht  hours.  TLf 
blood  of  the  inoculated  animal,  infiammatory  exuviations,  and  urn*' 
contain  the  bacilli.  Precisely  the  same  results  follow  the  inoculati"a 
of  bacilli,  or  their  spores  from  a  cultivation.  Dogs,  c^ts,  and  pi-^'sar*- 
insuscejttible ;  rats  are  not  easily  infected. 

The  local  lesion  produced  at  the  point  of  inoculation  is  verv  slifflit. 
Infection  may  take  place  through  the  respiratory  or  intestinal  tract, 
but  less  easily  than  by  inoculation,  spores  being  specially  eflii-aeiMv 
Inhalation  of  spores  has  produced  the  disease ;  and  Koch  cau-t-i 
anthrax  in  sheep  by  making  them  swallow  potatoes  containin<»  spons- 
Bacilli  without  spores  did  not  have  the  same  effect.      The  si>ores  ornv 
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rrivoJ  in  tlie  intestine  rapidly  genninate  and  spread  in  the  bacillar 

rin  itttrj  tlio  lilimdvcsst'ls. 

Distribution  of  Bacilli  in  the  Bodjr. — Tiie  bacilli  iire  (biiad  in  tbe 
blood,  wliere  lliey  uiJiy  be  detected  dui'in<:;  life  or  after  deutli ;  tbe 
cells  and  tissues  iire  in  tbe  general  tJisoiise  little  !iffecte<l.  Tbe  l)acillus 
is  thus  cliietly  a  blniid-parasite.  and  jirubably  fituis  only  in  tbnt  tluid 
tbe  amount  of  oxygen  it  ret{uires.  At  the  stanie  time  it  withdraw^ 
oxytjen  frniii  tlic  bh>u<!  and  i<ul>stitutes  esirbonie  acid,  wbirh  is  duiilit- 
less  ]tartly  the  eatise  of  its  iujurimis  uflects,  Tbe  blood  of  the  spleen 
contains  the  largest  numbers.  Tbey  are  also  found  on  the  surface  of 
tbe  lun«f-iilve<>li  and  ai r-]}aiisa<:e8 ;  in  ui'ine  iUid  in  ft-ees.  While  in 
tbe  body,  the  baedlus  iievrr  forms  spores,  but 
does  so  rapidly  ivbeti  it  eseapes  into  tbe  air 
by  any  of  the  excreta. 

When  the  bacilli  arc  first  received  into  the 
body  by  inoculation,  as  in  the  '*  mali«;narit 
pustule'  of  man.  tbey  cannot  produce  an  en- 
tirely lor:d  fflVct,  and  cannot  at  firs!  be  de- 
tected ill  the  lilaod.  When  c»nee  bacilli  have 
ajvpeiui'd  in  the  circuhilion,  the  «li.seii*ie  is 
incurable;  but  tbey  often  a|)pcar  there,  in  tbe 
huuiHU  aa  well  as  in  tbe  inoculated  disease, 
only  :i  short  time  before  de.itb. 

Anthrax  in  the  Human  Subject. — The 
disease  in  man  occurs  a,s  "  malignant  pustule  * 
and  as  ■'internal  anthrax." 

The  former  i.s  a  b»cal  inoculation  of  .sjjores 

of  tbe  bacilbis  from  Heecesur  liides  of  animals 

dead  of  anthrax.    It  forms  a  t.ustule,  followed  ''•''■""*  "''"'  »""'""'•  *>"'«^i»? 

«       I        1  1.1  .  I  ■    u  iMU'illi  filling  llie  puliinmarv 

OV  local  iiaiiiirene  and  otlicr  svmiitoiiis  wbich        „,  _/ 

•     ,  11         -111  tn,       1  •     •  wpiUttries. 

need  nut  be  described  here,     itie  uia;j:nosis  is 

certain  by  (tie  iliscuvery  of  bacilli.     This  affection  is  not  eeen  in  liie 

lower  animals. 

In  internal  anthrax  the  poison  affefjts  chiefly  the  respiratory  or  tbe 
gastro-intestinal  .system  respectively.  Tbe  respirator^'  f<irm  of  the  aflec- 
tion  has  been  known  as  W%>nlsorter's  Hisease,  being  acrjuired  throu;:b 
tbe  inhalation  of  dust  cojitaining  anthrax  spures  by  those  engaged  in 
unpacking  bales  of  foreign  wotds  at  Bradford.  It  was  investigated  by 
Dr.  Greenfield  and  Mr.  .Spear.  Another  form  afl'ects  the  larynx, 
pharynx,  and  adjacent  part8  of  the  neck  ;  a  case  of  wbieb  came  under 
the  observatiot)  of  tbe  writer  in  Southern  llussia  in  1HT!>.  Inflamma- 
tion of  the  affected  organ.s  occurs,  with  a  great  amount  of  inflamuiatf»ry 
tBdema  of  all  surroiinding  ti.ssues,  which  is  a  very  cbaraeteri.stic  fea- 
ture.    Tb<i  intestinal  form  is  very  rare  in  man,  but  has  been  observed. 

General  Biology  of  the  Bacillus. — It  i.s  an  important  (|uestion  bow 
the  bacillu.?  lives  in  the  period  intervening  between  its  leaving  one 
animal  body  and  entering  another,  since  it  is  not  ver)'  frequently 
transferred  by  direct  contagion.  For  its  preservation,  spores  are 
necessary:  the  simple  rod-form,  as  in  blood,  soon  dies  if  dried  up.  but 
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when  spores  are  once  formed,  they  may  be  subjected  to  great  diTness 
and  extremes  of  temperature  without  losing  their  vitality.  How  long 
this  vitality  can  be  preserved  it  is  impossible  to  say,  but  certainly  at 
least  from  one  year  to  the  next.  Spores  are  formed  whenever  any 
animal  secretion,  or  blood  containing  them,  comes  in  contact  with  the 
air  immediately  after  the  death  of  the  animal.  They  are  not  formed 
within  the  body  of  the  animal,  and  if  this  be  buried  intact,  spore- 
formation  is,  so  far  as  that  is  concerned,  prevented  ;  but  it  is  obvious 
that  accidental  circumstances  might  bring  tho  contained  bacilli  in 
contact  with  the  air.  Pasteur  has  supposed  that  spores  may  be  formed 
in  the  carcasses  of  buried  animals  and  brought  to  the  surface  by  earth- 
worms, but  this  has  not  been  confirmed.  In  northern  climates,  if  the 
temperature  of  the  subsoil  be  under  45°,  no  growth  takes  place,  and 
probably  the  bacillus  soon  dies ;  but  if  spores  have  been  formed,  and 
the  carcasses  have  been  opened,  it  Avill  remain  as  a  focus  of  infection 
in  the  soil,  even  for  some  years. 

Spores  may  remain,  probably,  for  a  long  time  without  germinating; 
but  in  summer,  when  the  temperature  is  high  enough,  and  if  there  is 
suflBcient  moisture  present,  germination  may  take  place  in  the  soil, 
rods  may  be  formed,  which  again  form  spores,  and  thus  the  organism 
will  be  multiplied.  The  whole  life-cycle  mav  be  gone  through  in  from 
twenty-four  to  forty-eight  hours  (Koch).  However,  it  is  clear  that 
germination  and  growth  will  take  place  even  more  rapidly  and  cer- 
tainly if  the  spores  be  received  into  the  body  of  a  sheep  or  ox,  with  its 
high  temperature  and  abundant  supply  of  nutriment. 

The  bacillus  anthracis  is  thus  not  a  complete  or  obligatory  parasite, 
since  it  has  also  an  ectogenous  existence ;  but  is  an  occasional  parasite. 
At  the  same  time  it  is  probable  that  a  parasite's  life  is  favorable  to  its 
multiplication  and  to  its  distribution. 

Vaccination  of  Anthrax. — Just  as  in  smallpox  we  have  in  virus 
obtained  from  the  cow  a  means  of  setting  up  a  mild  disease  which 
gives  immunity,  so  Pasteur  has  elaborated  a  method  for  obtaining  an 
attenuated  virus  of  anthrax,  which,  inoculated  into  cattle,  gives  them 
immunity  against  the  ordinary  malignant  virus. 

The  same  method  has  been  applied  to  other  diseases,  viz.,  to  fowl- 
choiera,  swine-plague  (Rouget  du  Pore),  symptomatic  anthrax  or 
quarter-evil ;  and  lately  the  same  result  is  said  to  have  been  obtained 
for  hydrophobia. 

Pasteur's  general  method  of  attenuation  or  production  of  a  vaccine 
consists  in  cultivating  the  organism  in  such  a  way  as  not  to  produce 
spores.  This  is  effected  by  keeping  a  cultivation  of  anthrax  bacilli  in 
chicken  broth  at  a  temperature  of  107°  to  109°  F.  in  contact  with  air. 
Under  tliese  circumstances  they  die  after  a  month  or  six  weeks,  but  in 
the  meantime  the  virus  is  "attenuated,"  or  less  malignant.  Cattle  or 
sheep  inoculated  with  material  thus  treated  for  twenty  days,  acquire  a 
slight  illness  which  gives  them  immunity  against  the  true  anthrax. 
To  render  the  immunity  more  complete,  they  are  inoculated  a  second 
time  with  a  virus  less  attenuated,  and  after  this  they  are  insusceptible 
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trut-  anthrax  for  the  space  of  about  a  year,  a  period  long  enougli  for 

etlinji  imd  fiitteninj;  some  domestic  aniri)als. 

Tonssiiint  hsid  [»reviouslv  obtained  'in  iittcuuuted  virus  by  heating 
Fnfocted  bhiod  r.'ontainiii<:  biK'illi  for  ten  iriinutesj  to  ]3(>*^'  F.  Chatn- 
Ijcrtand  :iiid  Houx  ;.'ot  ^iniihir  res^ults  bv  adding  anti.se]ftii'8,  sue!)  na 
ciirhnlic  nnd,  iu  smult  (juatttity  to  the  virus.  Chaiivemi  hwits  bhxid 
contaiiiitig  arithrux  for  twenty  hours  at  107*^  to  1ULI°,  and  then  after 
•  an  interval  for  one.  two,  or  three  hours,  the  degree  of  attenuation 
being  fu'uportioned  to  the  time  during  which  it  is  heated.  The  bacilli 
multiply  and  produce  generations  showing  tiie  same  modified  viru- 
lenee,  and  the  ."ipores  formed  by  tlicni,  if  heated  one  hour  at  a  tempera- 
ture of  lTt>°,  are  found  to  be  free  from  virulence  in  the  same  degi'eo. 

Inoeulations  with  the  "vaccine"  or  modified  virus  have  been  carried 
out  on  an  enormous  scnk'.  hundreils  of  thou-satids  of  sheep  and  cattle 
Laving  been  thus  tmitetl ;  and  tiii.>ugli  i/xccptiuii  has  ln:eu  taken  to 
some  uf  the  scientific  data  on  which  the  praclici'  is  fotmdtd,  it  :»|ii>ear8 
to  be  tif  great  economic  vabie.  The  chief  [U'actical  objection  nnule  by 
Kccli  M  that  the  vaccine,  to  be  of  any  use,  must  he  strong  enough  to 
produce  death  in  some  cases;  and  the  mortjdity  from  this  cause  may 
be  greater  than  that  which  it  is  intended  to  prevent.  The  same  result 
18  attained  bv  jiassing  the  virus  through  certain  species  of  animals. 
The  virus  obtained  from  white  mice  aftcctcil  with  anthrax  is  not  fatal 
to  sheep  and  cattle,  but  gives  them  iumiuiiity  (Klein),  ami  the  blood 
of  guinea-pigs  with  the  same  diseu-se  does  not,  as  a  rule,  kill  cattle. 
These  results  only  J'PpW  to  rumitiants,  liodents  have  no  immunity, 
for  though  the  anthrax  virus  may  be  attenuated  by  heating  till  it  is  tiot 
fatal  to  these  animals,  they  are,  after  inoculation  with  it,  as  liable  to 
true  anthrax  as  before  (Klein). 

HACILLUi!   OF    TUBERCLE, 

Several  observers  had  ohstM-ved  hacterlti  in  tubercles  before  Koch, 
in  18.02,  published  an  account  of  this  organism,  which  is  now  univer- 
sally recognized  as  the  cause  of  tubercular  disease.  Baumgarteii 
npy>ears  to  have  seen  the  same  bacillus,  but  had  not  given  any  proof 
of  its  ]«ithogenic  character.  Koch  not  iinly  detected  the  bacillus,  but 
at  the  same  time  showed  how  it  cuuld  be  recognized  by  color  reactions, 
cultivated,  and  proved  experimentally  to  be  the  cause  of  the  disease  in 
question. 

liacillus  tuberculosis  is  one  of  the  smatlcst  bacilli ;  it  is  a  motionless 
rod  measuring  two  to  five  f  in  length  (that  is,  one-third  or  one-half 
the  diameter  of  a  re<l  bli)od-corpuscle),  and  about  one-sixth  of  Its 
length  in  thickness,  with  roundeil  ends.  It  sometimes,  but  n[>t  always, 
shows,  when  stained  with  anihne  dyes,  a  beaded  structure  with  alter- 
nation of  colored  and  uncolored  portions.  The  ends  are  always 
colored  ;  the  number  of  ititermediate  colorless  portions  being  from 
three  to  six,  or  rarely  more.  This  condition  lias  been  regarded  as 
indicating  spore-formation,  hut  there  is  not  an  agreement  as  to  whether 
the  stained  or  unstained  elements  are  the  spores.      Koch  suggests  the 
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latter,  from  the  analogy  of  the  anthrax-bacillus,  but  the  high  power 

photographs  of  Dr.  Crookshank  seem  clearly  to  show  that  the  bacillus 

consists  of  a  series  of  granules  enclosed  in  a 

Fi.j.  141.  sheath,   with  intervening  parts   which  do  not 

0        9  take  coloring  matters.     The  stained  elements 

^^         \  would  then  be  the  spores,  if  spores  there  are ; 

rji*      4  or  possibly,  as  Dr.  Crookshank  suggests,  only 

I      Jiy  certain  of  them,  somewhat  larger  than  the  rest, 

*     *  are  so. 

The  resemblance  of  such  bacilli  to  a  chain 
has  suggested  such  a  hypothesis  that  they  really 
are  chains  of  micrococci,  like  a  streptococcus. 
But  minute  examination  with  the  best  powers 
negatives  this  supposition. 
^  The  beaded  or  spore-containing  bacilli  are 

Bacillus  tuLercniosis       Constantly  seen  in  sputa,  and  also  in  caseous 
from  sputum.    X  2;'i00.     tubcrcular  products ;  Baumgarten  affirms  that 
(Chookshask,  they  are  also  found  in  old  cultivations  of  the 

fp)m  phntc.gniphs.)  bacillus,  but  that  recent  cultivations,  as  also 
recently  inoculated  tubercle  (of  animals),  fur- 
nish continuous  rods  only.  The  question  is,  however,  not  yet  at  rest. 
The  tubercle-bacillus  has  no  other  peculiarity  of  form,  except  that 
the  rods  in  sputa  are  often  slightly  curved ;  hut  it  is  recognized  by  its 
relations  to  the  aniline  colors,  which  will  be  spoken  of  afterward. 

Cultivation  of  the  Tubercle-bacillus. — Its  cultivation  is.  rather 
difficult,  as  it  will  not  grow  in  nutrient  gelatine,  and  scarcely  on  agar- 
agar,  nor  at  ordinary  temperatures  on  any  medium.  Tubercular 
matter  implanted  on  sterilized,  solidified  blood  serum  in  a  tube  or 
shallow  cell,  and  kept  at  a  temperature  of  98.;')°  to  102°,  begins  to 
grow  slowh',  and  after  ten  to  fifteen  days  small,  whitish  scales  are 
seen.  These  increase  till  a  thin,  whitish  layer  spreads  over  the  sur- 
face of  the  medium.  If  accessible  to  microscopical  examination  with  a 
low  power,  this  is  seen  to  consist  of  masses  of  bacilli  arranged  in  spii-al 
or  curved  lines,  their  long  axes  in  the  same  direction.  This  arrange- 
ment is  well  .shown  in  an  ''impression,"  that  is,  a  portion  of  the  layer 
removed  on  a  cover-glass,  and  is  remarkably  like  a  growth  of  the  hay- 
bacillus  in  water.  After  about  a  month  they  cease  to  grow,  and  new 
cultivations  can  be  set  up  by  planting  a  minute  portion  in  another 
tube.  In  this  way  successive  generations  may  be  produced,  and  the 
organism  kept  alive  for  months  or  years,  without  change  in  its  form  or 
mode  of  growth. 

The  optimum  temperature  is  about  99.")°  F.,  and  of  course  a  little 
variation  from  this  on  cither  side  retards  the  growth.  There  is  no 
growth  below  82°  nor  above  108°.  The  medium  has  to  be  kept  from 
drying  up,  and  the  addition  of  a  little  glycerine  is  said  to  favor  the 
growth.  Cultivation  is  effected  with  difficulty  in  liquid,  such  as 
broth,  a  white  granular  precipitate  being  formed  after  four  or  five 
weeks. 

These  cultivation  experiments  are  very  important  in  relation  to  the 
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natural  history  of  the  bacillus,  showing  that  its  conditions  of  growth 
are  confined  within  very  narrow  limits,  and  that  a  saprophytic  vege- 
tation in  external  nature  is,  in  our  climate  at  least,  impossible.  The 
bacillus  is,  therefore,  a  true  or  necessary  parasite  of  men  and  other 
animals.  At  the  same  time  the  bacilli  are  found  to  have  great  power 
of  preserving  their  vitality  when  dried  up,  or  when  exposed  to  con- 
.siderable  vicissitudes  of  temperature ;  so  that  those  which  are  ejected 
with  sputa,  whether  they  contain  spores  or  not,  presumably  retain  the 
power  of  germination  if  again  introduced  into  the  human  body. 
Dried  bacilli  usually  lose  their  power  of  infection  after  about  six 
months  in  a  dry  state.  A  boiling  temperjiture  has  to  be  kept  up  ten 
minutes  in  order  to  kill  them.  Steam  at  '212°  destroys  the  vitality 
of  bacilli  in  sputa  in  fifteen  minutes  if  moist,  but  half  an  hour  or 
an  hour  is  requisite  if  in  the  dry  state.  Putrefaction  of  8j)utum  kills 
them  after  some  days.     Gastric  juice  has  no  traceable  injurious  effect. 

Selation  of  Bacillus  to  Tissue. — Tlie  manner  in  which  the  bacillus 
gives  rise  to  a  tubercle  has  been  closely  studied  by  IJaumgarten  in 
tubercles  produced  by  inoculation  in  the  rabbit's  eye.  There  is  no 
doubt  that  the  bacillus  acts  like  a  foreign  body  or  irritant  (see  p.  307), 
but  with  certain  special  properties.  The  bacilli,  whey  introduced, 
multiply  and  spread  throiigh  the  surrounding  tissues — not,  as  Baum- 
garten  believes,  by  the  agency  of  leucocytes,  but  along  the  ordinary 
lymph  spaces  and  channels.  On  the  sixth  day  visible  tubercles 
appear,  and  are  found  at  first  to  consist  entirely  of  epithelioid  cells, 
which  are  produced  in  large  numbere.  Baumgarten  attributes  their 
production  to  proliferation  of  the  fixed  tissue  cells,  in  which  signs  of 
nuclear  growth  (karyokinesis)  are  visible  even  then,  and  still  more  in 
the  next  few  days.  Migratory  leucocytes  first  apjiear  at  a  hiter 
period^-on  the  tenth  or  eleventh  day  after  inoculation — when  the 
signs  of  vascular  inflammation  (hypenemia,  etc.)  are  visible ;  but  they 
may  then  infiltrate  the  tubercle  so  as  to  seem  the  predominating  ele- 
ment, forming  the  so-called  lymphatic  tubercle. 

The  formation  of  giant  cells  is,  according  to  Baumgarten,  a  variable 
element  in  tubercle  production.  They  are  usually  even  absent  when 
a  fragment  of  human  tubercular  tissue  is  used  for  inoculation,  but 
numerous  when  bovine  tubercle  is  the  irritant,  or  when  artificial  cul- 
tures of  tubercle  arc  used.  The  explanation  he  gives  is  that  only  a 
weak  or  modified  action  of  the  bacilli  gives  rise  to  giant  cells,  which 
show  a  sort  of  temporai-y  arrest  of  growth ;  while  in  a  more  intense 
action  the  cell-production  is  too  rapid  to  admit  of  their  formation. 
One  peculiarity  should  be  mentioned  as  to  giant  cells,  which  consti- 
tutes a  difference  between  human  tuberculosis  and  that  of  some 
animals.  In  specimens  from  the  human  subject  the  giant  cells  very 
rarely  contain  bacilli.  The  writer  has  never  seen  them  in  that  situa- 
tion, and  observers  of  much  larger  exi)crience  have  confirmed  this, 
negative  result.  On  the  other  hand,  in  inoculated  tubercle,  and  in 
the  spontaneous  disease  of  some  animals — for  instance,  of  cattle, 
poultry,  horses  (see  frontispiece.  Fig.  4) — bacilli  are  very  abundant  in 
giant  cells.     No  satisfactory  explanation  has  yet  been  given  of  this 
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difference.     The  bacilli  are,  on  the  other  hand,  very  numerous  iao 
caseous  masses  of  human  phthisis. 

However  this  may  be,  it  would  seem,  if  Baumgarten  is  right,  ;k 
the  tubercle-bacillus  acts  as  a  direct  stimulant  of  growth  an<]  pni 
eration,  and  not,  like  some  other  organisms  and  chemical  irriti&i 
merely  in  the  way  of  producing  injury  and  necrosis.     Degeneraik 


Tubercle-bacilli  in  alveolus  of  human  lung  (Pkrcy  Kidd). 
From  sptecimen  of  catarrhal  pneumonia. 

necrosis,  and  caseation  are  nevertheless  constant  phenomena  in  tubore 
and  never  long  delayed.  They  begin  in  the  centre  of  the  tab«c 
and  soonest  in  those  which  are  infiltrated  with  migratory  lymph  <vl 

Recognition  of  the  Tubercle-bacilluB. — It  may  be  recogniztJ 
sputum,  for  instance,  by  solution  of  potash,  which  dissolve*  <>tl 
elements  and  leaves  the  bacilli ;  but  this  would  not  distinfniish  t 
tubercle-bacillus  from  many  others.  It  is,  however,  distin^nii-h 
from  all,  except  the  bacillus  of  leprosy,  by  certain  relations  to  anili 
dyes.  It  absorbs  these  colors — for  instance,  fuchsine  and  metl 
violet — more  slowly  than  some  other  organisms,  but  retains  them  «i 
greater  tenacity.  If,  then,  a  cover-glass  preparation  or  section 
stained  deep  red  with  fuchsine,  and  then  treated  with  a  dilute  mine! 
acid,  the  color  will  be  discharged  from  every  part  of  the  preparati 
except  from  the  tubercle-bacilli,  which  remain  re<l.  Or  if  the  staiit 
preparation  be  treated  with  a  solution  of  methylene  blue  (or  of  o 
tain  other  dyes),  this  color  will  replace  the  fuclisine  in  all  elemei 
except  the  tubercle-bacilli.  There  are  many  variations  of  these  p? 
cesses,  some  of  the  more  important  of  which  are  described  in  ti 
appendix. 

Proof  that  the  Bacillus  is  the  Cause  of  Tubercle. — We  have  sm 
in  speaking  of  tubercle  that  there  is  strong  evidence  of  its  being  * 
infective  disease  caused  by  some  living  virus.  The  next  and  cmd; 
question  is  whether  the  bacillus  now  spoken  of  is  or  produces  vim 
The  reasons  for  concluding  that  it  is  are  as  follows : 
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The  bacillu-i  is  fotind  in  nil  wises  of  tubercnlfir  disease  cnrcfully 
'€xamitie<l.     In  itnimals  it  is  ftuiml  almuijt  universally  in  all  affecteil 
tissues,  in  man  in  ut  least  some  nf  tftem. 

EA  scarcely  visible  portion  nf  material  containing  bacilli  is  taken, 
and  cultiviited  apart  from  tbe  body.  It  iufreases  to  a  conspicuous 
I  and  ponderable  miiss,  wbicb  may  be  (sfiy)  a  hundred  times  liirorer  thiiii 
tl»e  original  fragraent.  A  very  small  portion  of  this  is  taken  and 
cullivateil  again  till  it  increases  in  the  !*amc  ratio,  and  so  on  for  sev- 
eral times,  If  anything  else  derived  from  the  original  body  were 
adhering  to  the  bacilli  this  vvuuld  now  be  diluted  in  an  inconceivable 
degree.  A  small  p«jrtiuii  of  the  mass  of  bacilli  resulting  from  these 
rcullivatiou^  is  intnxUued  iiit<» (sup]>ose)  the  vyv  of  a  rabbit.  Tubercle  is 
^produced  there,  aud  the  disease  extends  through  the  body  of  the  animal 
till  it  kills  it.  The  same  bacilli  are  then  tound  in  all  the  affected 
tififlues  of  this  animal,  and  may  be  used  to  edect  further  cultivations. 

Koch's  fundamental  experiments  were  conducted  on  a  very  large 
scale.  He  obtained  cultivations  from  forty-three  original  sources,  of 
hich  twenty-tivo  were  taken  direct  frum  tubercular  material  ;  four- 
teen of  these  being  from  human  morbid  j)roihicts,  inclmliug  judmo- 
nary  phthisis,  miliary  tubercle,  scrofiiious  glands,  lupus,  etc.  The 
i^njftining  twenty-one  cultivations  were  derived  from  guinea-piga 
■which  had  been  previously  inoculated  with  tubercle  from  human  or 
animal  spontaneous  disease.  There  was  no  diflereuce  between  the 
bacilli  obtained  from  all  these  sources,  nor  was  there  any  change  visi- 
ble in  the  cultures,  however  long  carried  on. 

In  inocidati*m  exjteriments  the  greatest  care  was  taken  to  avoid 
three  serious  sources  of  error:  first,  mi.sta king  spontaneous  tubercu- 
losis for  that  artificially  conveyed;  secondly,  confounding  tuliercular 
prtwlucts  with  inflammatory  matters  proiluced  h}-  other  causes;  and 
thirdly,  the  unintentional  infection  with  tid>ercubu*  matter  by  means 
of  impure  instruments  or  matfrial.  Each  of  the^fe  sources  of  error 
had  been  found  to  interfere  with  the  value  of  previous  researches. 

Inoculations  were  then  made  both  with  tubercular  products  which 
ere  proved  by  micro.«copieal  examination  to  contain  bacilli,  and  also 
itii  pure  cultivations  of  the  bacillu.s. 

The  method  of  procedure  was  in  the  firsi  class  of  experiments  to 
insert  fragraents  of  tisisue  into  a  little  pouch  made  by  a  sliort  incision 
into  the  abdominal  wall  of  a  guinea-pig.  The  inoculation  wound 
healed  on  the  next  day,  and  showed  no  reaction.  Generally  it  was 
not  till  after  a  fortnight  that  some  swelling  of  tbe  nearest  lymphatic 
glands  occurred,  and  at  the  twitue  time  induration  took  place  in  the 
iuoculatiun  wound,  which  afterward  broke  down  and  became  converted 
into  an  ub-er.  '['he  animals  began  to  lose  flesh,  their  coat  became 
bristly,  dyspnci-a  .«iet  in  and  they  died  or  were  killed  between  the 
fourth  and  eighth  weeks.  Uther  inoculations  were  made  in  the  anterior 
chamber  of  the  eye. 

In  the  second  clas.<<  of  experiments  with  artificial  pure  cultures 
similar  results  were  obtained,  the  animals  becuming  aflected  with 
miliary  tubercle,  and  not  only  those  very  susceptible  of  tubercle,  such. 
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as  guinea-pigs,  but  even  dogs,  rats,  and  white  mice,  which  are,  as  a 
rule,  little  subject  to  tuberculosis,  could  not  resist  infection  with  large 
quantities  of  tubercle-bacilli. 

Control  experiments  were  made  with  a  large  number  of  pathogenic 
and  non-pathogenic  bacteria,  which  were  inoculated  in  the  same  way, 
but  in  no  case  produced  tubercle. 

These  experiments  of  Koch's  have  now  been  so  often  repeated,  and 
confirmed  by  pathologists  in  various  parts  of  Europe,  that  it  is  unneces- 
sary to  give  further  details. 

The  general  result  of  these  experiments  is  not  merely  to  show  that 
tuberculosis  is  a  specific  infective  disease,  for  that  might  be  established 
without  reference  to  bacilli :  but  to  show  that  all  agents  which  produce 
tubercle  contain  the  bacillus ;  and  this,  therefore,  is  the  only  essential 
cause  of  the  disease. 

Predisposition. — Different  species  of  animals  show  very  different 
degrees  of  susceptibility  to  tubercular  infection ;  that  is,  they  do  not 
present  equally  favorable  soil  for  the  growth  of  the  tubercle-bacillus. 
Most  rodents  are  very  susceptible,  and  thus  inoculation  experiments 
always  succeed  with  them.  Ruminants  are  also  for  the  most  part  sus- 
ceptible ;  so  are  monkeys ;  carni  vora,  at  least  dogs  and  cats,  much  less  so. 

The  human  race  is  evidently  susceptible,  but  since  we  do  not  try 
inoculation  experiments  on  man,  we  cannot  tell  whether  he  is  sus- 
ceptible in  the  same  degree  as  rodents.  What  is,  however,  certain  is 
that  there  are  great  differences  of  individual  predisposition.  Some 
persons  have  an  organization  fitted  for  the  growth  of  tubercle-bacilli ; 
others  not.  If  all  persons  were  equally  liable,  the  disease  would  be 
nearly  universal.  .  liut  it  may  be  doubted  whether  these  differences 
are  more  striking  as  regards  tubercle  than  as  regards  many  other 
maladies.  A  certain  proportion  only  of  those  persons  who  are  exposed 
to  the  infection  of  any  of  the  specific  diseases  acquire  them,  even  when 
they  are  epidemic.  If  every  person  were  equally  liable  to  every  con- 
tagion, it  might  easily  be  shown  that  the  whole  population  of  a  country 
miist  sooner  or  later  be  infected  with  every  endemic  disease. 

Bacillus  Leprffi. — The  bacillus  of  leprosy  much  resembles  that  of 
tubercle.  It  is  a  slender  rod  4  to  6  a*  in  length,  less  than  1 1*  thick,  or 
about  one-half  or  three-fourths  the  diameter  of  a  red  blood-disk.  It 
shows  no  movement.  Two  or  three  spores  are  sometimes  formed  in  the 
interior,  which  cannot  be  colored  by  aniline  dyes.  In  all  its  reactions 
with  coloring  matters  it  agrees  with  the  tubercle- 
Fio.  143.  bacillus,  but  also   takes  on  such  dyes  as  stain   the 

nuclei  of  cells.  Cultivations  have  not  succeeded, 
though  in  blood-tissue  a  slight  liquefaction  is  said  to 
result  after  a  week,  and  thus  the  original  fragment 
Biu'iiiHsofieprosv    ™*y  slightly  increase  in  size.     Inoculations  on  ani- 

X  1200.  (Crook-  ^^^  l^Kve  given  anibiguous  results,  some  local  changes 

BHASK.)  being  produced  but  no  general  disease.     In  its  rela- 

tions to  the  tissues  this  bacillus  shows  some  remarkable 
features.  The  first  is  the  extraordinary  number  in  which  it  occurs. 
In  leprous  skin,  "  almost  the  larger  half  of  the  tissue  consists  of 
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bacilli  and  their  products"  (Ljiria).  Iti  swti  ns  the  bjicilli  appear  in 
large  tnassos  which  are  geneiallv  regiinlcd  us  cells,  though  the  occur- 
rence of  the  bacilli  in  cells  h;i»  been  denied  by  Unna.  It  is  difficult, 
however,  to  interpret  in  any  other  way  such  ajjpearances  as  those  seen 
in  the  frontiapiece  (Fig.  3).  The  bacillus  is  also  found  in  the  sheaths 
of  nerves  aflecte<l  with  the  .«pecial  morbid  change,  and  in  all  tissues 
Vfhieh  are  altered  in  the  snnu-  way. 

Bacillus  of  Qlanders  {B.  iiKtllei). — This  is  about  the  size  of  the 
tuberch'-bncillu.s,  but  thicker,  and  is  highly  motile.  It  forms  spores. 
Il  was  found  in  the  ehuracteristic  nodules  of  glanders  iu  horses  by 
Schiitz  and  LoHlt-r,  and  has  since  been   sliowii   to  dccur   in   human 
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glanders.  It  has  been  cultivated,  and  when  inoculated  into  hoi">ie8, 
rabbit*,  giiinoa-pigs,  :inil  mice  has  produced  a  disease  with  ulcers  and 
no<lu]es  like  those  uf  glanders.  The  bacillus  has  been  found  in  the 
disciwed  tissues  and  organs  itf  these  uniujals.  as  alsit  in  lIieirbloiMl  and 
urine,  so  that  the  proof  is  complete  that  the  bacillus  is  the  cause  of 
the  disease. 

It  may  be  cultivated  on  gelatine,  agar-agar,  or  blood-serum  at  about 
i)»*°  F.,  but  grows  slowly.  It  is  said  to  grow  even  at  onlinary  teni- 
perutures  on  agar-agar  mi.xed  with  glycerine,  uiinimuni  tetnperatui*e 
il°,  ma.vimum  1 10°. 

Bacillus  of  Typhoid  Fever  {B.  ti/photiM). — Several  observers, 
■Wuigert,  Klebs,  and  Koch,  have  found  bacilli  in  the  Peyer's  patches, 
mesenteric  glands,  anil  spleen  from  ca-ses  of  typhoid ;  but  a  species 
observed  by  Koch,  and  restudied  by  •raffky,  appears  to  be  the  only 
one  constantly  and  cvclusivt-ly  present,  having  been  founil  by  Uaffky 
in  2t!  cases  out  of -8  examined — a  result  cnnHrmed  by  other  oliservers. 
Moreover,  the  same  species  is  not  known  to  occur  under  any  other 
circumstances. 

The  bacillus  is  2  to  3"  long,  and  about  one-third  of  its  Ictigtii  in 
thickness,  with  rounded  ends.  It  is  capable  of  growing  into  pseuilo- 
filaments,  and  sometimes  occurs   in   very  short   ntds.     It   is  highly 
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motile,  ami  jrobaJdy  possesses  Hii^rella.      It   is«   staittetl   vkith 
a  long  at-tion  nf  the  u^jual  dves  lji;ing  necessary. 
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In  pliite-fultiviiliuiis  on  >j;flatine  it  foriiis  superncial 
colonies    with  slnuiis  oiitliue  ;  and   if  inserte*!    into   tut 
grows  diiefly  on  tlie  siirfiiL-f,  producing  a  similar  form.      A 
actfristic  form  of  ■.'rowth  is  that  on  potatoes,  which  i«   ciius  dr 
There  is  no  visihlo  growth  aftt-f   forty-eight    liotjrs*,   but   the 
looks  moist  and  glistening.     On   toticliing   il    witli  a  iilatinuin 
the  snrfiice  gives  the  impressions  of  being  covered  with  a  h«nl 
film,  and  this  on  examination  is  found  to  be  made  up  of  Ic 
i.d'  the  Imcilli  fontaiiiiiig  spores.     On  potato-paste  n  visib]< 
rultiire   is  obtained   (Eit^cnberg).     The  characters  of   cuItTi 
potatoes  are  regarded  as  diagnostic. 

The  growth  does  not  liquefy  gelatine.     Tlie  best  tempentorvj 
to  104°,  within  which   limits  terminal  spores  are  formed  in 
four  days. 

The  bacillus  has  been  found  in  the  deject iorii*,  in  the  blool  iiftJ  a 
albuminous  urine  of  tyjihoid  patients  during  life,  as  well  ««  in  n 
organs  poit-mortcin.      It  has  not  been  detectetl  with  certaintv  ifil 
or  elsewhere  outside  the  human  bod}'. 

Experiments  on  animait;   have   been   uniformij    uiifiue< 
though  they  have  sometimes  died,  the  cbanicteri.«}tic  ' 
have  never  been  produced.      Still,  considering  ih« 
tioneil,  and  since  this  bacillus  difl'ers  from  anj  of  the  ki»oinii 
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plivti(!  species  found  in  tlie  intostine,  lliere  is  a  considerable  probability 
jn  favor  <»f  its  beiug  really  tbo  cmisf  of  tiie  disense. 

BacilluB  (Edematis  Maligni  (UacilluH  of  progressive  gangrene; 
''ihn'iin  acptiquc). — An  orgiiniani  fii-j^t  described  by  Pusteur  as  pro- 
Ituin;;  :i  fuim  of  septiciomiii  in  iuiiiuals;  afterward  isolated  by  Koch 
from  gardi-n  tnould.  and  fttund  to  produce  llie  aftection  called  malig- 
nant a'dfuia  in  rodent^s.  This  diseaao  iseenia  to  bo  identical  vitb  a 
form  of  trattniiitic  gangrene,  cl)aractetized  by  crackling  emphysema- 
tous distention  of  the  celhilar  tissue  with  gas  (gungrene  gazeuse), 
which  occurs  in  com|dicatcd  or  neglected  wounds.  The  identity  of 
the  hiutiuin  and  the  artificial  rodent  disease  has  been  establJsUetl  by 
inoculiitiori  und  culture. 

The  biicifliis  iiiueb  resembles  B.  antbracis,  but  differs  in  forming 
threads  while  in  the  blood.  Spores  are  produced  singly  in  each  rod, 
wliieti  becomes  expanded  in  the  middle  or  at  cue  end  before  spore- 
formation.  The  rods  are  easily  colored  with  various  dyes.  For  the 
elianictcrs  of  cultivation  reference  must  be  made  to  special  works. 
The  optimum  temjierature  is  that  of  the  human  body. 

The  bacillus  is  imjiorttiiit  on  account  of  its  very  genend  distribution 
in  external  nature.  It  is  found  in  nearly  all  putrid  substance.s,  in  soil 
which  is  impregnated  with  fihb,  in  the  dust  of  hay,  and  even  in  the 
dust  of  rooms.  It  is  also  obtained  from  the  boilies  of  animals  killed 
by  strangulation  if  kept  warni  after  desith.  A  very  small  quantity  of 
earth  containing  it,  if  inoculated  under  the  skin  of  a  guinea-|iig, 
causes  death  in  a  day  or  two;  arid  the  bacillus  can  be  farther  culti- 
vated from  the  dead  body  of  the  animal. 

Bacillus  Diphtheriticus.  —  It  has  been  already  mentione<l  that  various 
organif^ms  are  found  in  the  membranes  and  necrotic  tis>sues  of  diph- 
theria, but  they  are  for  the  must  part  evidently  mere  iuhabitaut.s  of 
the  dead  tissues,  and  not  the  cau.se  of  the  disease.  LolHer  has  isolated 
from  the  deeper  layers  of  the  false  membrane,  verging  on  healthy 
tissue,  a  bacillus  which  is  certainly  pathogenic  in  animals,  though  it 
is  not  proved  to  be  the  origin  of  the  diphtheritic  process. 

It  is  a  rod,  sometimes  slightly  curved,  as  long  as  the  tubercle- 
bacillus,  hut  twice  as  thick,  which  shows  no  spontaneous  movement. 
No  formation  (ff  spores  is  known.  It  may  be  cultivated  at  temjiera- 
tures  over  GS'^,  liest  at  1*1*°.  The  best  meilium  is  blood-serum,  made 
nutrient  with  "saccharine  peptonized  infusion  of  meat." 

Inoculated  into  guinea-pigs  it  caused  death  it)  a  few  days.  Wheu 
it  wa.s  intro<luced  into  the  trachea  of  fowls,  pigeons,  and  riibbits,  false 
membranes  were  formed,  sometimes  very  extensively,  and  the  s;ime 
were  pnuhiced  on  the  slightly  wounded  conjunctiva  of  rabbits.  These 
membranes,  however,  contained  few  or  no  bacilli.  Moreover,  the 
bacilli  were  not  found  in  a  series  of  wcll-inarked  cases  of  human 
diphtheria.  In  addition,  LoHler,  on  examining  the  mucus  from  the 
mouth  of  8<J  healthy  persons,  succeeded  in  one  instance  in  isolating 
this  very  bacillus.  On  all  these  grounds  the  discoverer  of  the  organ- 
ism hesitates  to  conclude  that  it  is  really  the  cause  of  rliphtlicria. 

The  etiology  of  this  disea.se  remains  an  unsolved  problem.    Possibly 
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the  explanation  of  some  of  the  difficulties  met  with  in  its  soluti-a  .• 
that  there  are  really  several  distinct  affections  comprised  undtrr  tL- 
same  name,  a  supposition  confirmed  by  the  wide  variations  ylts^nri 
in  the  gravity  of  the  cases  which  are  clinically  regardetl  as  diplithri 

BacUIus  Syphiliticus. — Many  attempts  have  been  made  to  di«ccA«r 
microiirganisms  in  the  lesions  of  syphilis,  but  only  lately  vitl  ut 
success. 

Lustgarten  was  the  first  to  describe  a  bacillus  which  he  detected  ii 
ever>'  one  of  sixteen  cases  by  a  special  method  of  coloration. 

Tliis  organism  is  described  as  somewhat  like  the  tubercle  bacillo}. 
occurring  in  slightly  curved  rods  of  3  to  7  /^  in  length,  which,  iritb 
very  high  powers,  show  uncolored  spots  supposed  to  be  spores.  Tter 
never  occur  free  in  the  tis-sue,  but  only  in  grouj>s  within  certain  c^? 
forming  part  of  the  syphilitic  granulation-tissue.  The  numlifr  >.( 
such  cells  found  was,  however,  extremely  small.  Several  other  ob- 
servers have  seen  apparently  the  same  bacilli  and  found  other  waT>f'f 
staining  them.  They  have  never  been  cultivate*!.  Some  doub:  ha 
been  cast  upon  the  specific  character  of  these  organisms,  because  vtrt 
similar  bacilli  have  been  found  by  Alvarez  and  Travel  in  the  nonui 
smegma  prseputii.  Moreover,  other  observers  have  entirelv  fkiW  ti 
find  bacilli  by  Lustgarten's  methods. 

Recently,  Messrs.  Eve  and  Lingard  have  succeeded  in  cultiratit* 
as  well  as  demonstrating  a  bacillus  from  syphilis  which  does  n-* 
appear  to  be  identical  with  that  of  Lustgarten.  Thev  demonstnti^i 
bacilli  in  at  least  twelve  primary  sores,  in  three  cases  of  iuduratni 
glands,  in  two  cases  of  gummata,  in  a  papular  syphilide.  and  ia 
condyloma.  Also  they  have  cultivated  a  morphologically  iilentii-x 
bacillus  from  the  blood  of  two  syphilitic  patients,  and  in  tLret-  it- 
stances  from  syphilitic  ti.ssues. 

The  organism  is  rod-sliaped,  of  variable  length,  with  rounded,  s-iint- 
times  club-shaped  ends.  The  rods  are  generally  beaded,  slmwin;  3 
to  8  deeply  stained  segments  with  uncolored  intervals.  Tlie  l-aeill; 
were  very  numerous  in  the  connective  tissue  spaces,  sometimes  in  tiif 
cells,  of  all  the  morbid  products  mentioned  above.  SUtining  hv  La-:- 
garten's  methods  did  not  show  them.  Cultivations  were  made  <■: 
blood-serum,  and  producccl  a  thin  faintly  yellow  or  brownish  vel!'" 
layer  on  the  surface  of  the  medium. 

The  authors  have  compared  this  organism  with  the  .smegma  hacilks. 
and  believe  it  to  be  different.  Inoculative  experiments,  as  mi'dit  '^ 
expected,  did  not  succeed,  since  inoculation  from  syphilitic  sore*  »*' 
equally  unsuccessful.' 

Bacillus  of  Rhinoscleroma.— An  organism  was  first  obser%e<i  in 
this  rare  disease  by  Friscli  some  years  ago.  It  has  been  studieil  hr 
Cornil,  Alvarez,  aiul  otliers,  and  more  recently  succe.ssful  cultivati'«n< 
were  made  by  Paltauf  and  Y(m  Eiselsberg.  I  have  examined  the  onk 
case  which  has  ever  been  observed  in  this  country,  and  the  loWlii 
which  were  found  are  figured  in  the  frontispiece  (Fi*'.  1).      TlifV 

iLMiicet,  April  in,  IHSC. 
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Ippear  in  two  forms :  thnt  of  slender  .slightly  curveil  rods,  and  of  shortei' 
)void  rods  with  rounded  ends.  The  hitter  are  stronglY  colored  ut  the 
tods,  hut  not  iu  the  middle.  The^^e  niiglit  ,-*ecui  to  he  two  ispocics,  but 
)y  tnuisiticinal  forms  I  :iih  led  to  helieve  that  iho  one  (.'luinjros  into  the 
>ther,  and  j)rnh!ihly  swelling  up  and  shorteoitii^  of  the  rods  in  u  pro- 
ttss  prepariitory  to  spore-formation,  ("ornil  and  Alvarez  de^^cr)lje  a 
ipsule  around  the  rods,  whieh  is  not  sbown  by  the  metliod  of  stain- 
ig  here  adopted,  though  I  do  not  deny  its  existence.  The  situation 
»f  the  bacilli  has  been  referred  exclusively  to  cells  or  to  lymphatics 
d  tisstue  spaces.  It  .seems  to  me  that  they  occur  in  all  three  situa- 
lions  an  shown  in  tlie  figure.  No  eultivntions  were  mnde  from  this 
ise,  hut  in  those  of  German  ob!<ervers  the  organism  was  found  to 
rrow  easily  on  the  surface  of  gelatine  and  agsir-agar,  producing  short 
Bacilli,  twice  or  three  times  as  long  as  they  are  broad,  with  rounded 
jnds,  and  surrounded  by  a  cji]tsuh",  hut  soinetimes  growing  out  into 
threads.  Inoculated  intu  aniinaU  they  produced  some  inflannniation, 
but  no  lesion  like  the  original  disease. 

Is  is  suggested  that  this*  organism  is  like  and  possibly  identical  with 
Friedliinder'.s  jmeuniouia  coccus:  but  the  latter  is  not  staineil  by 
Gram's  niethnd,  which  I  find  to  color  the  rhino-scleroma  organism 
perfectly.  There  is  cofisiderable  probability  that  this  bacilhis  is  patho- 
genic in  rliinn-scloroTua ;  but  the  peculiar  character  of  the  disease 
excludes  the  likelihofjd  of  ever  reproducing  it  iu  animals,  and  thus  fur- 
nishing ahsolure  proof. 

Bacillus  MalarisB. — A  bacillus  suppo.sed  to  be  the  cause  of  ague  was 
ftiund  by  Klebs  and  Toriiussi-Urudeli  in  the  soil  of  the  Roman  Cnm- 
pagna,  and  was  cultivated  on  gelatine.  It  forms  rods  from  -  to  T  u 
in  length,  antl  also  grows  out  into  long  filaments  of  leptotbrix.  It 
produces  internal  spores  and  requires  oxygen  for  its  growth  (acirobie), 
It  has,  therefore,  nnicli  rcsembhince  to  tfie  hay-bawillus  and  other  allied 
forms.  Tlie  connection  i>f  this  bacillus  with  disease  is  not  at  all 
proved.  When  inoculated  into  animals  it  produces  certain  febrile 
symptoms,  but  nothing  definitely  like  ague. 

Sitprofi/ri/tic  Bacilli  occurring  in  Di»ea»ed  Conditionii. 

Bacillus  Neapolitanua. — This  was  discovered  by  Emmerich  in  the 
tissues  and  intestinal  i;i>nteuts  of  cholera,  patients  at  Naples,  but  it  is 
not  generally  tbonghl  to  have  anything  to  ilowith  the  cau.«ation  of  the 
disease.  It  ba.s  ni>t  been  constantly  found  in  cholera,  but  has  been 
found  in  the  niu'uial  iniestinal  eon  tents,  and  in  putrid  Jluids.  It  niucli 
resembles  the  typhoid  bacillus  in  size  and  sliape.  A  remarkable  fact 
concerning  this  bacillus  is  that  when  introduced  iu  eonsidemble 
(pijintity  into  animals  it  produces  a  condition  of  the  small  intestine 
much  resenililing  that  of  htm  tan  cholera. 

Bacillus  of  Septicaemia  in  Man. — Klein  has  de-^cribed  lainnte 
bacilli  occunitig  in  the  liloodvessrls  of  the  swollen  lymiibatic  ghiiids 
from  ca.^es  of  human  septica'uia.  Their  length  is  from  1  to  2.5  /i,  their 
thickness  0.03  to  0.05  u.  Their  i>athogenic  action  has  not  been  studied. 
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Bacillus  Pyogenes  Foetidus. — An  organism  isolated  by  Pajsetfrra 
an  abscess  in  the  human  subject.  It  was  cultivated  and  when  iDJ«i«i 
into  animals  was  found  to  cause  fatal  disease. 

Bacillus  Saprogenes  is  the  name  given  by  Rosenbach  to  three  btciEi 
isolated  from  human  products,  viz.,  from  plugs  of  decomposed  ni»t«r 
in  the  tonsils,  from  fetid  perspiration  of  the  feet,  and  from  fetid  y^ 
respectively,  which  are  distinguished  at  I,  II,  III.  All  of  them « 
cultivation  furnish  fetid  products,  and  the  two  latter  were  fouD'l  vt 
produce  inflammation  in  animals. 

Pathogenic  Bacilli  of  Animals. 

Bacillus  of  Swine  Typhoid. — This  is  an  infectious  and  destructiTe 
disease  of  swine,  in  which  Dr.  Klein  ("  Reports  of  Local  Goveramffii 
Board,  1877-8  ")  discovered  that  the  organs  contained  a  form  of  W 
terium  in  morphological  respects  identical  with  Dacillus  subtilis, «.  '- 
consisting  of  longer  or  shorter  motile  rods  capable  of  forming  sports. 
Artificial  cultivations  of  this  bacillus  reproduced  the  disease  wfctt 
inoculated  into  pigs,  as  well  as  in  mice  and  rabbits.  Pasteur  La«  ti^ 
scribed  a  micrococcus  from  the  same  disease,  while  Schiitz  and  otheis 
in  Germany  described  a  much  smaller  bacillus  than  Klein's  (mea^nriBg 
0.6  to  1.8  fi  in  length,  while  Klein's  is  2  to  3  //)  ;  that  is,  .*up|)«iDj 
that  the  German  disease  is  the  same  as  that  known  in  this  cuuDt^^•. 

Bacillus  Tetani. — Reasons  have  already  been  given  for  refianling 
tetanus  as  a  specific  disease,  and  probably  produced  by  a  microiirgic- 
ism  (p.  352).  The  bacillus  called  that  of  tetanus  was  obrained  \v 
Nicolaier  from  garden  mould.  It  forms  very  slender  rods.  somewlBt 
longer  than,  but  not  so  thick  as,  Koch's  bacillus  of  .septicaemia  in  m:ir. 
described  below.  It  appears  to  be  very  widely  spread  in  vari'ru? 
kinds  of  earth,  but  not  in  fecal  matters.  The  cultivation  inocuiau-i 
into  rabbits  and  mice  produced  the  same  di.seaso  as  in^Knilatii'ii  -f 
eartli ;  and  the  bacilli  were  in  two  ca.ses  found  in  the  spinal  ct.ni— 
once  in  the  nerves  near  the  point  of  inoculation.  Rosenbach  Li^ 
succeeded  in  producing  in  animals  an  inoculable  teUinoid  dijw-^ 
transmissible  through  several  generations  by  inserting  subcutant><>u?iv 
portions  of  skin  from  a  man  suffering  from  tetiinus  subsequent  i> 
gangrene.  In  the  original  material  a  bacillus  was  found  similar  x- 
Xicolaier's  tetanus-bacillus,  and  the  same  was  found  twice  in  the  siiinsl 
cord  of  rabbits,  in  which  the  experimental  tetanus  had  been  i)ro(lucvi. 
Rosenbach  concludes  that  there  is  a  bacillus  of  human  tetanus  i<leD- 
tical  with  that  produce<l  from  earth.  The  bacillus  is  thou<'ht  to  {in- 
duce its  effect  bv  generating  a  peculiar  toxine. 

Bacillus  of  Ulcerative  Stomatitis. — Lingard  and  Batt  doscrilW  in 
1883  a  peculiar  bacillus  as  occurring  in  an  ulcerative  disease  of  the 
tongue  and  buccal  mucous  membrane  of  the  calf.  The  bacilli  were 
large,  measuring  4  to  8  ;/  or  more,  and  often  grew  out  into  filament* 
of  much  greater  length.  This  organism  has  some  bearing  upon  human 
pathology',  because  Lingard  found  it  also  in  a  case  of  noma,  or  gan- 
grene in  the  human  subject  (p.  140). 
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Bacillus  of  Septicaemia  in  Mice. — This  orgaiiism  was  one  of  the 
Irst  nbttiiiied  by  Koch  :i>  the  re-sult  of  injecting  putriil  fluids  into  mice. 
He  fiHiiiil  that  by  injecting  under  the  skin  a  vory  small  quantity  of 
)utri<l  bloDtJ  or  other  fetid  fluids  n  di-soase  was  )»roduced  which  couhl 

inocul.'ited  from  one  aiumal  to  another,  and  was  carried  by  Koch 
fchrou;^'h  fifty-four  mice.  Tiie  blood  of  ilit*  animals  showed  in  every 
^art  an  e.xtreiuelv  minute  Imcillii^,  mcusuriu;^  (1,8  to  0.1  «  long,  and  0.1 

•  1.2  ft  thick.  It  has  been  cultiv.'itcd  and  forms  spores.  It  is  remark- 
ible  that  though  fatal  to  house-mice  this  bacillus  rloes  not  affect  field- 
lice, 

Bacillns  of  Symptomatic  Anthrax  (in  cattle). — The  disease  known 

►y  this   awkward  name  is  ab^^o  called  "  Black   Leg"  and  '*  ♦^►uarter 

!vil/"  and   in    tJerman  '•  Raiisch    Rrand."      It   cause.s    hemorrhajiic 

kvrellings  in  cattle  with  a  fatal  termination.     The  organism  producing 

has  the  form  previously  deacribed  as  a  Clostridium,  since  it  proiluces  a 
lingle  spore  at  one  end,  and  thus  a'^siimo.s  a  sort  of  drum-stick  shape 
Jsee  Clostridium  butyricum.  Fig.  IJT).  The  rods  are  large,  10  to 
lo  u  long  and  '1  ,i  thick  and  m<itile,  Spores  are  formed  while  the 
>acillus  is  still  within  the  tissues  or  tluiils  of  the  animal  affected.  It 
ia,s  been  cultivated,  and  the  eultivution-v  have  been  fomi'l  to  convey 
'ae  disease  to  cattle,  8hcep,  goats,  ami  some  other  animals ;  but  certain 
pecies,  such  m  dogs,  cjits,  rabbits,  and  others,  nre  iiuuiune. 

Puirefactiv''  or  Zi/tnor/enif  Da-'teria. 

Among  the  merely  putrefactive  rod-shaped  organism  one  remarkable 
pleomorphic  form  may  be  mentioned. 

\-u..  Nil. 


rn/leur"  iaintKilj<!. 


Proteus  vulgaris  h.'is  been  isohited  by  Hauser  from  putrid  animal 
substances  along  with  two  other  species — P,  mirabilis  and  P.  Zeiikeri, 
rhich  need  not  be  specially  described. 
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It  forms  rods  about  0.6  fi  thick  and  verj  variable  in  leogth.  io»- 
times  very  short  or  nearly  spherical,  sometimes  like  bacilli,  eom(Qe4 
very  long  threads  in  a  leptothrix  form.  They  are  very  motiW  vl 
furnished  with  cilia.  On  cultivation  this  organism  shows  vm  ^ 
markable  characters.  It  rapidly  liquefies  gelatine  at  ordinary  t«Bjitf- 
tures,  producing  shallow  pits  in  which  are  seen  the  grayish  ci:4'Aw. 
These  send  out  processes  in  various  directions  which  show  congn; 
movements,  and  at  length  some  of  them  become  detached  and  ie",' 
over  the  surface  of  the  gelatine-like  floating  islands.  They  often  ^ 
rotary  movements.  The  surface  of  the  gelatine  becomes  gradmli 
covered  with  moving  colonies. 

In  addition  to  these  superficial  forms,  true  zooglcea-masses  ak  u» 
produced  below  the  surface  of  the  medium,  and  the  bacterium  i<  <xm- 
ble  of  passing  into  involution  forms  or  spherical  and  club-fba()e>l 
masses,  which  might  easily  be  mistaken  for  very  different  organism*. 

The  decomposition  of  gelatine  by  these  species  produces  a  fcd 
odor,  and  they  are  capable  also  of  decomposing  albumen.  They  u» 
regarded  by  Hauser  as  the  chief  agents  in  the  putrefaction  of  prw^i 
substances. 

Bacterium  termo,  formerly  regarded  as  the  chief  putrefactire  I*- 
terium,  is  now  a  name  of  somewhat  uncertain  significance,  as  .^erml 
species  appear  to  come  under  the  definition  of  this  species.  But  tirf 
supposed  different  species  have  not  been  isolated. 

PATHOGENIC   SPIRILLA. 

Spirillum  Cholerse  Asiatics :  Comma-bacillus. — This  organbic. 
first  found  by  Koch  in  the  intestines  of  persons  affected  with  A.-isrc 
cholera,  is  seen  in  the  form  of  curved  rods,  one-half  or  two-thirds  tie 
length  of  tubercle-bacilli,  varying  from  0.8  to  2  «,  the  thickness  l*iri2 
one-third  to  one-sixth  of  the  length.     They  are  often  joinetl  togethtf 


I'liiiliTa-.-ipirillii  (artt-r  KocH). 
I"r..iu  a  itri>]>  cultivation,     n,  long  ■'<.Te%v-shaj>erl  thn.'ails. 

9.Q  as  to  make  a  longer  curve  or  an  S-shape.  Sometimes  a  lai^r 
number  of  elenient.s  arc  united  together  so  as  to  form  a  long,  screw- 
shaped  thread  or  spirillum,  wliicli  may  consist  of  ten  to  thirty  turns. 
Hence  the  perfect  form  of  the  organism  is  considered  to  be  a  spirillum. 
In  drop  cultivations  the  bacilli  are  seen  to  be  motile,  having  a  rotatory 
and  forward  motion. 
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TLe  bacilli   inultiplv  nipi«lly.     No   s|iore-lorniatiDn   iiiis  hceu  cor- 

^*  tainly  made  out,  but  llm-ppt'  has  obiitrveil   certain   splierical  botjies 

fonned  by  the  swelling  up  uf  a  portion  of  tlie  bacillus,  not  within  it, 

■which  he' believes  to  be  "  Arthrtisjwres."     There  is,  however,  no  evi- 

'-•  dence  of  these  being  h  wore  permanent  form  or  "resting  spores,"  since 

Koch  has  foumi  that  if  tluids  con- 
Fiu.  1-4^.  taining   bacilli,  or   linen   impreg- 

nate! witli  them,  once  become  quite 
dry,  they  furnish  no  bacilli  ca|»uble 
of  (levelojmient.     The  chief  varia- 
^-a.      lions  of  fon)>  are  seen  in  Fig.  148. 


/; 


»"»/' 
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Ulera-spiriJla  grown  iin  m<pisi  linenfnftpr 
Koch).     >   «tiii. 
Cultivated  froiri  the  dej>?clit>n?!  f"r  t\v<«iluy^. 


Involiitiiiri  Wins  of  i'holent-»piriIlii  (after 

Vjl>-  EllMKXllKS).      X  Mil. 


Involution  Forms. — When  growth  in  any  medium  lias  gone  on  up 
to  nesirly  tbe  limit  of  nutrition  certain  form.*  appejn*  which  are  regarded 
as  indicating  involution  or  regres.sive  change  in  the  bacilli. 

The  protoplasm  l)ecome8  irregularly  distributed,  so  that  certain  por- 
tions rem:iin  uucolnreil  by  the  iiniline  dyes,  but  n<it  so  as  to  indicate 
spore-foniiation.  The  rods  also  grow  out  into  club-shaped  extremities, 
or  fonn  splierical  bodies  (Fig.  1411).  The.se  peculiar  forms  have  been 
especially  studied  by  Van  Ermengen,  and  are  of  some  importance 
because  their  iH'culiar  appearance  has  in  some  cases  led  to  their  being 
regarded  as  belonging  to  a  liifferent  organism.  Similar  involution 
forms  arc  ktniwn  to  exist  in  the  case  of  some  other  bncilli,  most  strik- 
ingly in  the  fa.se  of  I'roteus  already  mentioned. 

Cttltivation  of  the  Cholera-spirillum. — In  plate-cuki  vat  tons  on 
gelatine  it  forms  after  twenty-four  hours  minute  circular  specks,  which 
as  they  enlarge  become  of  a  yellowish  color  and  granular  iippcar- 
ance,  looking  like  liltle  bits  of  glass  ;  they  li(|uefy  tlie  gchitine  after 
forty-eiglit  hours  in  a  futmel-shafied  form.  A  delicate  pinkish  color 
is,  according  to  Ei.senberg,  sometimes  produced.  If  )ii.*erted  into 
gelatine  tubes  it  produces,  after  one  or  two  days,  a  clomliness  along 
the  truck  of  the  needle,  with  slight  liquefaction ;  but  in  the  upper 
part  of  the  ti'ack  the  gelatine  is  liquefied  in  the  form  of  a  funnel, 
•which,  containing   some  air,  produces  the  appearance  of  a  bubble. 
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The  li<|Ui'facttoti  t-xtcjnlH  (ill,  alter  a  week  or  two,  it  involves    the 
greiit«-r  jiart  of  llie  lube,  iiiid  in  a  uumth  the  contents  are  !i(|uefied. 

Ou  agar-agar  the  growth  is  not  characteristic.  Un  potatoes  "  light 
gravish-brown  colonies"  are  produced  which  soften  into  a  slimy  hiyer, 

but  growth  tiikcs  jilace  only  at  rather 
'''"=■■'"  high  tcnipernrint'S.      On    luoist    linen. 

k«'pt  iiiidcr  !i  l)cl!-jiiV  to  prevent  evap- 
nratioij.  iht'  organism  groAvs  remarkably 
well ;  !tnd  a  sniall  portion  of  choleraic 
fttoolfl  will  in  .some  cases  furnish  an 
almost  piuv  cultivation. 

Till-  s](irilhun  grows  rea<iily  in  liquid 
media,  as  broth,  blood-scrum,  milk : 
jirid  produces  uo  visible  alteration  in 
the  latter.  In  very  dilute  solutions 
growth  cease8,  and  this  is  also  the  case 
in  wiiter.  even  when  containing  organic 
impurities.  Hut  growth  may  appar- 
iMitly  tjikc  place  in  the  scum  on  the  sur- 
face (if  very  foul  water.  The  nutrient 
media  nmsl  never  be  acid,  but  are  best 
even  faintly  alkaline.  No  fetid  odor 
or  gases  of  putrefaction  are  prrtduccd, 
but  a  faint  sweetish  ndor  is  given  off. 
No  growth  takes  place  with  absolute 
privation  of  air.  The  optimum  tem- 
peviiture  i,s  from  80°  to  104'^  F.;  on 
gelatine  72*  to  77°.  Gmwtlt  ceases  below  <>f>°.  A  temperature  of 
14°  F.  may  be  borne  without  perishing. 

CiiltivjitionsJ  arc  at  rmce  killed  by  drying  up,  iind  may  also  be  ex- 
tinguished by  the  comjtetitive  growth  tjf  other  microorganisms,  such 
as  jmtrefactive  bacteria,  a  yioint  which  may  be  of  practical  importance. 
It  may  be  also  avcII  to  note  that  while  the  bacilli  do  not  multiply  in 
pure  water  they  live  in  it  for  a  considerable  time,  and  have  been  found 
still  capable  of  growth  after  seven  months  in  natural  water  previously 
sterilized,  and  after  ten  weeks  in  sterilized  distilled  water.  The  best 
dyes  are  a  watery  sulutiuu  of  fuclisine  or  strong  solution  of  methylene 
blue — the  latter  especially  for  sections. 

The  above-mentioned  cultivation  charactei-s  are  important  as  distin- 
guishing Koch's  cholera  comma-biicillus  from  other  comina-bacilli 
which  agree  with  it  in  shape  and  size. 

Cholera-red — A  chemical  test  has  been  proposed  for  cultivations  of 
the  choleru-spirilium,  namely,  the  production  of  a  deep  purplish-red 
color  ou  adding  nitric  or  strlphuric  acid  to  them,  as  observed  by  Poehl 
and  Bujwid.  According  to  Salkowski,  this  color  depends  upon  a  Well- 
known  reaction  of  nitric  (or  nitrous)  acid  with  indol,  which  is  one  of 
the  ]>roducts  of  decomposition  of  proteid  matters.  Hence  decompos- 
ing allMimeii  or  fibrin  might  under  other  circumstances  give  the  same. 
But  there  is  a  peculiarity  in  the  cultivations  of  the  spirillum  that  ther 
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give  the  color  with  pure  sulphuric  acid ;  a  fact  which  Salkowski  ex- 
plains by  the  presence  of  nitrous  acid  or  nitrites  in  the  cultivations. 
A  red  color  produced  in  cholera-stools  by  nitric  acid  was  noticed  many 
years  ago  by  Simon,  Heller,  and  YirchoAv.' 

Occurrence  of  Comma  bacilli. — An  organism  corresponding  both 
morphologically  and  in  mode  of  growth  to  that  above  described  was 
first  observed  by  Koch  in  cases  of  Asiatic  cholera,  and  has  since  been 
found  with  singular  uniformity  in  the  intestinal  discharges  and  intes- 
tinal contents  after  death  from  cases  of  the  same  disease  occurring  both 
in  India  and  in  Europe.  Drs.  Klein  and  Gibbes  found  it  very  gener- 
ally in  the  rice-water  evacuations  of  cholera  patients,  though  some- 
times in  such  small  numbers  as  to  be  discovered  with  difficulty  by 
simple  inspection.  In  plate-cultivations  they  generally  appeared  along 
with  other  microorganisms.  They  were  seen  also  in  the  majority  of 
cases  in  the  intestinal  contents  after  death.  The  same  fact  as  regards 
the  intestinal  contents  before  or  after  death  has  been  virtually  con- 
firmed by  all  subsequent  observers ;  in  India  itself  by  Cunningham 
and  others ;  in  Paris  by  Van  Ermengen  and  AVatson  Cheyne,  besides 
several  French  pathologists ;  at  Toulon  by  MM.  Straus  and  Roux, 
who  had  previously  failed  to  find  comma-bacilli  in  Egypt;  at  Marseilles 
invariably  by  Nicati  and  Rietsch  :  in  various  cities  of  Italy — Padua, 
Bologna,  Genoa,  Turin,  Naples,  Palermo — by  pathologists,  native  and 
foreign ;  in  Spain,  though  not  quite  so  constantly,  by  Roy  and  Sher- 
rington. These  observations  were  made  in  the  European  epidemic  of 
1885,  and  in  the  next  year  a  local  epidemic  of  cholera  in  Germany 
(at  Finthen)  furnished  identical  results 

Belation  of  Spirilla  to  Tisanes. — Koch's  first  observation  in  India 
led  him  to  conclude  that  the  spirillum  was  often  present  in  the  walls 
of  the  intestine  as  well  as  in  its  contents ;  but  further  observations 
have  only  partially  confirmed  this  conclusion,  the  organisms  being 
comparatively  rarely  found  in  tissues.  Klein  and  Gibbes  could  not 
detect  them  at  all  in  this  situation,  other  observers  only  in  some 
cases ;  Roy  and  Sherrington  found  them  in  very  few  sections  of  the 
intestines,  even  from  severe  cjises.  Since  the  epithelium  of  the  small 
intestine  is  to  a  very  large  extent  shed  off  in  cholera,  the  presence  or 
absence  of  the  organism  in  the  actual  mucous  layer  could  not  be 
determined.  The  frequent  occurrence  of  the  spirilla  in  desquamated 
flakes  of  epithelium  (as  in  Fig.  151)  is  not  conclusive,  since  they 
might  perhaps  have  penetrated  these  masses  after  their  separation  from 
the  walls. 

On  the  whole,  it  may  be  taken  as  proved  that  the  presence  of  the 
organisms  in  the  intestinal  walls  is  an  occasional,  not  a  constant, 
occurrence. 

In  the  blood  and  in  internal  organs  they  are  more  constantly 
absent,  though  some  observers  have  found  that  they  are  able  to  pene- 
trate into  the  blood  and  organs,  such  as  liver  and  kidney,  in  the 
"guinea-pig  cholera"  produced    by  experiment.     Moreover,   it  has 
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been  found  that  the  cholera-spirilla  if  injected  into  the  blood  of  ani- 
mals soon  die,  and  are  eliminated  either  by  the  bowels  or  otherwise. 

In  all  situations  cultivation  has  proved  a  surer  means  of  recogniz- 
ing Koch's  organism  than  simple  observation,  and  the  two  methods 
combined  have  furnished  such  an  enormous  mass  of  evidence  in  favor 
of  the  constant  occurrence  of  Koch's  comma  under  the  circumstances 
mentioned  that  the  comparatively  few  negative  instances  may  be  dis- 
regarde*!. 

Fio.  151. 


-—  a 


Prejiamtion  from  iiiteiitinal  i-oiiteuU  (Koch).     X  800. 
a,  nuclei  of  necrotic  epithelium;  h,  c,  eoinmu-bacilli. 

The  ne.xt  question  is  whether  this  spirillum  is  met  with  elsewhere 
than  in  choleraic  intestines,  and  this  question  must  be  answered 
broadly  in  the  negative.  Organisms  of  similar  form  have  been  found 
in  several  situations,  but  with  one  or  two  exceptions,  to  be  mentioned 
immediately,  they  have  on  cultivation  turned  out  to  be  different 
species.  The  most  striking  case  is  that  of  the  spirillum  of  "cholera 
nostnis,"  discovered  by  Finkler  and  Prior  (spoken  of  further  on), 
which  gives  distinct  characters  on  cultivation.  A  comma-bacillus 
from  the  mouth  described  by  the  late  Dr.  Lewis  is  not  cultivable  by 
the  same  means  as  Koch's  spirillum.  It  is  said  that  organisms  of 
similar  shape  are  found  in  the  intestines  of  healthy  guinea-pigs,  and 
in  the  intestinal  discharges  of  healthy  pei'sons,  or  of  those  suffering 
from  diarrhtea,  all  of  which  on  cultivation  turn  out  to  be  different 
from  the  cholera-spirillum.  The  onh'^  exception  is  that  Koch  has 
recorded  the  occurrence  of  his  comma-bacillus  in  a  tank  in  Calcutta, 
near  which  cholera  cases  occurred ;  while  Klein  and  Gibbes  affirm 
that  they  found  commas  in  several  tanks,  quite  unconnected  with  any 
question  of  cholera  (and  cultivated  them  by  Koch's  method);  while 
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Cunningham  has  found  similar  organisms  on  water-plants  in  India 
which  on  cultivation  agreed  with  Koch's  comma-bacillus.  Others 
claim  to  have  found  organisms  similar  in  form  in  many  natural  waters. 
Putting  aside  the  occurrence  of  these  organisms  in  water,  the  expla- 
nation of  which  requires  further  study,  it  appears  that  the  cholera- 
spirillum  is  never  found  associated  with  any  other  disease. 

Is  there  any  other  organism  of  which  the  same  may  be  said?  Sev- 
eral, or  indeed  many,  other  organisms  occur  in  the  choleraic  intestine, 
but  no  other  has  been  found  constantly  by  all  observers ;  and  no 
other  is  exclusively  coincident  with  cholera,  the  Naples  bacillus  of 
Emmerich,  and  a  straight  bacillus  described  by  Klein  and  Gibbes, 
not  having  been  found  universally  and  exclusively. 

It  seems,  then,  impossible  to  resist  the  conclusion  that  the  positive 
recognition  of  a  spirillum  with  the  characters  above  given  is  a  diag- 
nostic sign  of  the  presence  of  cholera. 

To  argue  from  the  absence  of  the  spirillum  to  the  absence  of  cholera 
would  be  less  rigidly  accurate  on  account  of  the  possibility  of  acci- 
dent or  mistJike;  but  negative  results  in  a  series  of  cases,  tested  by 
competent  experimenters,  would  be  a  fact  of  great  significance.  On 
this  ground  the  methods  for  the  cultivation  of  the  cholera-spirillum, 
on  wliich  its  diagnosis  really  depends,  have  an  obvious  importance. 

Is  the  Spirillnm  the  Cause  of  Cholera  ? — This  question,  which  is 
answered  in  the  affirmative  by  Koch,  Virchow,  and  most  Continental 
observers,  and  in  the  negative  by  Pettenkofer,  Klein,  and  several 
pathologists  in  this  country  of  the  opposite  school,  requires  some  con- 
sideration. 

One  of  the  conditions  laid  down  by  Koch  for  the  proof  of  a  micro- 
organism being  the  cause  of  a  disease  is  that  the  organism  should  be 
passed  into  the  body  of  another  animal,  there  reproduce  the  disease, 
and  be  found  in  its  tissues  and  organs. 

It  is  obviously  very  difficult  to  satisfy  this  condition  in  the  case  of 
a  disease  which  does  not  affect  any  other  animal  than  man,  as  is  the 
fact  with  regard  to  cholera. 

Notwithstanding  this  objection,  numerous  attempts  have  been  made 
to  convey  the  disease  to  animals.  Many  species,  such  as  monkeys, 
pigs,  dogs,  cats,  etc.,  have  been  fed  with  choleraic  discharges,  but 
without  effect.  The  same  experiments  have  been  tried  with  cultiva- 
tions of  the  cholera-spirillum  with  an  etiually  negative  result  as  re- 
gards disease,  but  establishing  this  remarkable  fact  that  these  organ- 
isms are  always  killed  in  traversing  the  stomach,  apparently  by  the 
acidity  of  the  gastric  juice.  Results  equally  negative  followed  the 
injection  of  choleraic  matters,  blood,  or  cultivations  into  the  subcuta- 
neous tissue  or  blood  of  various  animals,  except  that  in  the  latter  case 
septictemia  resulted. 

Van  Ermengen,  considering  that  the  seat  of  the  disease  was  in  the 
small  intestine,  injected  small  <iuantitie8  of  a  cultivation  of  spirilla 
direct  into  the  duodenum  of  guinea-pigs,  and  similar  experiments 
were  made  by  Nicati  and  Ilietsch,  and  other  pathologists.  The  result 
was  that  the  animals  died,  and  with  symptoms  somewhat  resembling 
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those  of  cholera,  viz.,  copious  transudation  into  the  bowels,  with,  in 
some  cases,  diarrhwa,  and  constantly,  algidity  and  prostration.  The 
autopsy  showed  the  bowels  injected,  filled  with  colorless  mucus  without 
fecal  odor,  just  as  in  human  cholera,  and  containing  enormous  num- 
bers of  the  spirillum.  This  disease  could  be  transmitted  through  a 
aeries  of  animals  by  successive  inoculations.  The  organisms  were 
occasionally  found  in  the  blood.  Similar  operations  practised  with 
cultivations  of  other  bacilli  had  no  effect.  However,  the  serious 
character  of  the  operation  and  the  possibility  of  septictemia  threw 
some  doubt  on  these  results,  so  that  Koch  and  others  have  devised 
means  of  introducing  the  spirilla  into  the  intestine  without  wounding 
it.  Koch  introduced  into  the  stomach  of  a  guinea-pig  a  solution  of 
carbonate  of  soda  enough  to  keep  the  contents  alkaline  for  three 
hours,  then,  by  means  of  a  catheter,  broth  containing  cultivations  of 
the  spirillum,  and  injected  into  the  peritoneum  some  tincture  of 
opium ;  which  had  the  effect  of  checking  the  peristaltic  action  of  the 
bowels.  On  the  third  day  the  animals  fell  ill,  and  mostly  died  with 
the  symptoms  and  post-mortem  signs  above  mentioned.  Koch  states, 
however,  that  cultivations  of  other  similar  spirilla,  e.g.,  that  of  Kink- 
ier and  Prior,  produced  similar  though  less  violent  effects.  Hueppe 
has  lately  obtained  the  same  results  in  a  still  simpler  way  by  injecting 
extremely  small  quantities  of  spirilla  into  the  peritoneum  of  guinea- 
pigs  :  and  Doyen,  in  Paris,  who  had  experimented  on  a  very  large 
number  of  animals,  sets  up  the  choleraic  disease  by  introducing  alco- 
hol into  the  stomach  along  with  the  organisms,  thus  making  no  wound 
at  all,  and  giving  no  alkali.  Moreover,  in  less  rapidly  fatal  cases 
true  cholera,  i.  e.,  diarrhcea,  accompanied  by  "rice  water"  dejections 
was  caused.  It  is  said  that  diarrhcea  from  other  causes  is  an  almost 
unknown  disease  in  guinea-pigs. 

There  can  be  no  doubt  that  the  "  guinea-pig  cholera  "  thus  set  up 
is  a  definite  disease,  always  associated  with  the  presence  of  cholera- 
spirilla  in  the  intestines,  and,  as  may  fairly  be  concluded,  caused  by 
these  organisms.  Its  likeness  to  human  cholera  is  perhaps  as  close  as 
might  be  expected,  though  it  falls  short  of  identity,  and  the  analogical 
argument  that  hunmn  cholera  also  is  caused  by  the  spirilla  is  a  very 
strong  one,  though  this  also  soems  to  fall  a  little  short  of  actual 
demonstration.  Koch's  explanation  of  the  facts  of  cholera  is  that  the 
spirillum,  being  received  into  the  digestive  canal,  multiplies  there  and 
generates  a  poison  which  produces  the  symptoms  of  the  disease.  It 
must  further  be  suppo.sed  that  there  is  some  influence,  such  as  previ- 
ously existing  in  catarrh,  which  modifies  the  acidity  of  the  stomach, 
so  as  to  permit  the  bacilli  to  pass — and  possibly  of  the  intestines, 
favoring  their  settlement  there. 

Is  there  a  Cholera  Poison? — If  cholera  is  produced  by  any 
organism  living  in  the  intestine,  which  does  not  enter  the  blood,  it  can 
only  be  by  means  of  some  poison  generated  in  the  bowels  and  absorbed. 
If  there  is  any  such  absorption,  it  must  have  already  taken  place  when 
the  first  symptoms  apj)car,  especially  as  after  this  the  whole  intestinal 
tract  is  in  a  condition  Avhich  makes  absorption  virtually  impossible. 
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the  existence  of  such  a  poison  is  highly  probable  on  grounds  of 
analogy,  and  equally  so  whether  we  assume  the  organism  producing  it 
to  live  in  the  human  intestine  or  in  the  outside  world  ;  but  attempts 
to  discover  it  have  at  present  led  to  no  specific  results.  The  products 
of  decomposition  of  nutrient  media  by  the  comma-bacillus  have  not 
been  found  to  differ  essentially  from  those  generated  by  putrefactive 
bacteria,  consisting  of  ptomaines  and  toxines  such  as  have  been  already 
spoken  of. 

Is  the  Canse  of  Cholera  Somethii^  External  to  the  Body  ? — Some 
hold  that  the  phenomena  of  cholera  cannot  be  explained  by  any  cause 
acting  within  the  human  body,  but  that  the  real  infecting  or  poisoning 
agent  must  be  in  the  soil.  As  was  pointed  out  before,  this  does  not 
exclude  the  possibility  of  the  virus  being  conveyed  from  one  country 
to  another  by  human  beings,  or  even  under  certain  circumstances  by 
dead  objects.  It  is  only  necessary  to  consider  for  a  moment  how  this 
bears  on  the  bacterial  theory  of  the  disease.  The  cholera-spirillum 
may  be  conceived  of  as  preserving  its  vitality  in  damp  soil  or  water 
(and  even  multiplying,  if  there  be  sufficient  organic  matter  to  supply 
it  with  nutriment),  but  it  will  not  bear  di-ying.  The  range  of  tem- 
perature within  which  it  can  grow  corresponds  to  summer  heat  in 
temperate  climates,  and  that  of  all  seasons  in  the  tropics.  On  the 
whole,  there  is  nothing  to  make  it  impossible  that  the  organism 
should  live  for  a  time  in  the  human  body  and  for  a  time  outside,  and 
in  each  phase  of  life  generate  a  poison.  The  supposition  of  a  poison 
generated  by  the  organism  in  the  soil  or  in  water  and  received  into 
the  human  body  would  explain  only  part  of  the  facts,  though  it  is  not 
inconceivable  that  this  may  be  the  explanation  of  some  suddenly  fatal 
cases  of  cholera,  that  is,  they  are  pouoninfjs.,  not  infections.  But  it  is 
necessary  that  there  should  be  an  infection  also  in  order  that  the  virus 
may  be  carried  further  and  may  continue  to  live. 

Conclasion. — It  is  impossible  to  enter  further  upon  the  very  inter- 
esting questions  connected  with  cholera.  The  above  brief  and  frag- 
mentary statements  of  facts  must  be  left  to  point  their  own  moral. 
But,  on  the  whole,  we  may  conclude  that  the  conditions  formerly 
stated  as  neces.sary  for  the  cause  of  cholera,  that  it  should  be  a  living 
organism  having  the  power  of  generating  a  specific  poison,  are  to  a 
large  extent  met  by  the  hypothesis  of  the  cholera- spirillum  being  that 
cause.  Still  more  must  be  known  about  the  independent  or  ectogenic 
life  of  the  spirillum  before  it  can  be  said  to  account  for  the  local  or 
miasmatic  facts  of  cholera,  which  are  quite  as  important  as  those  which 
relate  to  its  being  a  communicable  infective  disease. 

As  a  biological  analogy,  it  may  be  pointed  out  that  the  cause  of 
cholera  being  in  all  probability  aquatic,  might  be  expected  to  belong 
to  the  group  of  spirilliform  bacteria  which  spend  their  life  in  water  or 
fluids,  just  as  the  anthrax-bacillus  might  be  expected  to  be  allied  to 
the  bacteria  belonging  to  grass  or  other  vegetable  food  of  the  animals 
which  it  attacks. 

Spirillum  Finkleri. — This  organism  was  discovered  by  Finkler  and 
Prior  in  the  dejections  and  intestinal  contents  of  cases  of  "  cholera 
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nostras,"  or  what  we  cnll  Etigltsli  cholera.  It  was  at  first  tlioiiglit  to 
be  the  same  as  Koch's  coiiimii-liiuilliis.  but  can  be  <listinjiuislio<l  by 
certain  ehamctcrs  in  cultivation,  aud  to  some  extent  by  form.  It  pro- 
duces curved  rods  wliich  are  occasionally  united  into  S  figures  and 

spirals.  They  are  snid  to  be  slightly 
lonjier  and  thicker  than  Koch't!  com- 
inus,  and  umre  pointed  at  the  ends. 

But  the  main  distinction  between 
the  two  speries  is  brought  out  by  culti- 
vjition. 

In  plate-culiivations  Finkler  and 
Prior's  bacillus  fnnns  round  colonies 
which  are  more  sharply  defined  than 
KochV.  and  lijivf  nut  the  wavy  outline 
which  the  <htlieis  have.  When  inserted 
into  tubes  of  irelutiue  the  orijanisnis  now 
spuken  of  li({uefy  the  gelatine  with 
much  greater  energy  than  Koch's>  and 
do  8o  all  along  the  track  of  the  needle, 
not  only  at  the  top,  .'^n  that  n  very  dif- 
ferent nppcaraiKT  is  produced,  as  ."ieen 
in  the  figure.  Tliere  are  also  peculiar- 
ities of  growth  on  other  media.  It  is 
also  noticeable  that  cultivation.s  ofFink- 
ler's  bacillti!*  produce  a  disagreeable 
fetid  odor,  <|uile  diflerent  from  that  of 
the  cultivations  of  Koch's. 

Thij<  orgmiisiu  has  been  introduced 
into  guinea-pi;:!!*  nnd  disesisc  has  resulted — fiital  in  thirty  per  cent,  of 
the  cases.  The  same  mortality  was  obtained  by  Koch  in  experiments 
conducted  in  the  same  wnv  as  those  with  tlie  choleni-bacillus. 

It  must  remain  doubtful  whether  in  man  it 
[«rufiui<  s  any  ]»atliojj:enic  effect,  and  most  ob- 
servers have  failed  to  find  it  in  cases  of  Euro- 
pean cholera. 

A  spirillum  or  comma-bacdlus  obtained  by 
Deneke  from  old  cheese  much  resembles  Finkler 
jind  Prior's,  and  al.'^o  Koch's  spirilla,  but  is 
distingtiislicil  1)y  its  characters  on  cultivation. 

Spirillum  Obermeieri  wa.s  discovereil  in  the 
blnod  of  pijtients  sufferiiif^  frnm  relapsing  fever. 
It  forms  long,  wavy,  flexible  threatk  in  spirals 
of  from  ten  to  twenty  turns,  measuring  sixteen 
to  furty  inches  Jn  length  and  extremely  thin. 
The  threads  are  higldy  motile  and.  according  to  Koch,  are  furnished 
with  cilia.     No  spores  are  known. 

The  organism  is  found  in  the  blood  only,  not  the  tissues;  but  is 
constantl}'  present  during  tlje  febrile  paroxysms,  not  in  the  intervals 
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of  the  fever,  except  for  a  day  or  two.  It  has  never  been  successfully 
cultivated. 

If  blood  from  a  case  of  the  fever  be  injected  into  monkeys  under 
the  skin,  a  fever  is  produced  in  them,  during  which  the  blood  contains 
numerous  spirilla ;  but  when  it  subsides  the  spirilla  again  disappear. 

The  fever  in  monkeys  does  not  show  the  typical  relapse  of  the 
human  disease.  The  blood  of  the  affected  monkey  may  be  used  to 
give  the  fever  to  others  by  inoculation.  One  attack  gives  no  im- 
munity. 

As  it  is  not  known  how  the  organism  enters  the  body  or  how  it 
leaves  it,  if  at  all,  its  natural  history  may  be  said  to  be  unknown. 
But,  considering  its  constant  occurrence  and  the  possibility  of  trans- 
mission by  inoculation,  it  seems  impossible  to  doubt  that  it  is  the 
cause  of  the  disease. 
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METHODS   FOR    EXAMINATION    AND    RECOGNITION   OF 
BACTERIA. 


WiTiioi'T  entering  into  minute  tcclinical  details,  a  fow  woni?  must 
be  saiii  nbout  the  uu'tlnHU  of  recn>5nizini^  and  prepariug  specimens  of 
biiflfvia. 

For  al!  examinations  of  these  orgwnisms  good  microscopea  and  higli 
p(iwei"S  are  essential.  It  i»  true  tliiit  many  species  may  be  just  seen 
witli  mndenile  powers,  sudi  a.s  300  diameters,  but  for  any  proper  study 
of  tliem  ft  |tower  of  at  least  GOO  diameters  is  nece.^sary.  The  homo- 
treneous  or  ''  oil  iiiinjersion  "  objectives  con.structed  on  Mr.  J.  W. 
Ste|ttieiison  s  principle  by  ProfesHor  Abbe  and  Ilerr  /iei.«.H,  of  Jena, 
and  now  to  be  liud  of  most  makers,  British  lun!  foreign,  jiossess  great 
advantages  over  any  others.  Another  important  optical  aid  ia  a  gootl 
conik'iiser  snv.U  as  that  of  Abbe ;  and  the  special  method  of  using  it 
recomiiieiided  by  Knoh  is  the  best  for  showing  stained  bacteria,  though 
not  for  utlier  pnr))oses.  The  e<indenser  is  to  be  brought  close  up  to 
tlie  object;  iio  diaphragm  or  a  very  wide  one  used,  and  a  plane  mirror. 
The  it)>)ects  are  best  seen  iti  a  niediuui  tlie  refractive  [lower  of  which 
is  e([ual  to  glass,  and  Catiadu  balsam  dissolved  in  xylol  or  turpentine 
is  generally  used  for  pernuinent  jireparations.  For  temporary  pur- 
pases,  cedar  oil  as  used  for  the  objective,  does  <juite  as  well ;  and  the 
objects  may  be  viewed  in  glycerine  or  even  in  water,  but  the  former  is 
not  to  be  employed  for  j^ermauent  preparations. 

The  thinnest  jirocurable  cover-glasses  should  always  be  made  use  of. 
Preparation  of  Objects. — \u  examining  secretions  or  other  fluids 
for  bacteria,  the  mucus,  blood,  or  whatever  it  may  be,  is  dried  on 
)ver-gla5ses  in  the  thinnest  possible  film,  obtained  by  pressing  two 
>ver-ghisses  together.  In  certain  cases  these  films  are  heateil  to 
kcause  them  to  adhere  more  firmly  to  the  glass  during  the  subsecjuent 
)rocesses.  Sections  of  tissues  are  made  by  the  onlinary  methods,  but 
microtome  must  bo  regarded  as  essential.  For  hardening  alcohol  is 
lenerally  used  ;  though  Miiller's  duid  ami  chromic  acid  are  quite 
kiBsible.  Fresh  tissues  are  usually  placed  at  once  in  absohite 
Ftlcoho! :  and  only  very  small  pieces  (say  a  ((uarter  of  an  inch  thick) 
[must  be  used.  This  prevents  any  possibility  of  putrefaction,  and  thus 
jives  security  against  error;  but  it  is  not  always  the  best  plan  to  show 
ttbe  structure  of  tissues. 

To  exhibit  the  bacteria  in  mi.xed  objects  or  tissues,  the  method  for- 
[merly  used  was  to  make  all  other  parts  transparent  with  solution  of 
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potassa  or  soda,  the  microorganisms  remaining  as  brilliant  objects. 
A  much  more  satisfactory  plan,  however,  is  to  stain  them  with  some 
dye,  which  they  absorb  either  exclusively  or  more  powerfully  than  the 
other  objects,  thus  becoming  conspicuous. 

Staining  Bacteria. — The  remarkable  affinity  of  bacteria  for  color- 
ing matters,  and  especially  for  the  aniline  dyes,  much  facilitates  their 
recognition,  so  that  the  discovery  by  Perkins  in  1856  of  the  first 
aniline  color  has  been  indirectly  of  great  service  to  pathology.  These 
colors  were  introduced  for  staining  bacteria  by  Weigert  in  1871.  Out 
of  the  many  colors  used  the  following  are  sufficient  for  almost  every 
purpose:  Fuchaine  or  magenta,  properly  called  hydrochlorate  of 
rosaniline;  methyl-violet,  or  a  variety  called  gentian-violet;  methi/lene- 
blue,  and  a  red  color  not  made  from  aniline  called  eosine.  The  latter 
is  used  to  stain  not  the  bacteria,  but  other  parts,  in  order  to  produce  a 
contrast  of  color.  Bismarck-brown  is  sometimes  used  for  the  same 
purpose. 

These  colors  may  be  kept  dry,  or,  more  conveniently,  in  saturated 
alcoholic  solutions,  except  cosine,  which  is  best  dissolved  in  water. 

For  use  they  are  always  greatly  diluted,  and  some  formulae  for 
dilute  solutions  will  now  be  given.  All  solutions  should  be  filtered 
immediately  before  use. 

Ifethylene-blae  is  best  used  in  Loffler's  solution,  called  by  its  in- 
ventor a  universal  reagent,  and  in  my  experience  the  most  generally 
applicable  of  all.  It  colors  moulds  as  well  as  bacteria.  To  make  it, 
take  alcoholic  solution  of  methylene-blue  166  parts  by  measure  (or 
say  eleven  drachms),  liijuor  potassse  (B.P.)  one  part  (say  four  drops), 
distilled  water  554  parts  (say  enough  to  make  six  fluid  ounces). 

Koch  uses  a  much  weaker  solution,  containing  only  one  part  of 
methylene  blue  solution  in  200  water ;  and  twice  as  much  alkali  as 
Loffler's  solution. 

Preparations  are  soaked  for  a  few  minutes,  or  in  the  case  of  sec- 
tions, some  hours  in  these  solutions,  and  afterward  dipped  in  water 
containing  half  per  cent,  of  acetic  acid ;  then  washed  in  alcohol,  but 
not  too  much. 

Methyl-violet  is  a  powerful  purple  dye.  Gentian-violet  is  merely 
a  manufacturer's  variety  of  the  same,  which  possesses  no  advantages 
and  appears  to  me  to  be  inferior  to  what  is  sold  as  methyl-violet ;  an 
experience  confirmed  by  others.  It  may  be  employed  in  the  following 
methods : 

(1)  Dilute  solutions  may  be  made  by  adding  five  or  six  drops  of 
concentrated  solution  to  a  watch-glass  of  distilled  water. 

(2)  It  acts  more  powerfully  if  diluted  with  aniline  water.  This  is 
made  by  shaking  up  aniline  oil  with  distilled  water  to  saturation, 
allowing  to  stand  for  five  minutes  in  a  warm  place,  and  filtering. 
The  concentrated  solution  of  the  dye  is  then  added  drop  by  drop,  till 
the  fluid  becomes  opalescent  (Ehrlich). 

(8)  Weigert's  solution  is  made  as  follows :  Concentrated  solution  of 
methyl-violet,  11  parts  (or  one  drachm);  aniline  water,  100  parts  (or 
nine  drachms) ;  absolute  alcohol,  10  parts  (or  one  drachm). 


APPENDIX. 


Where  the  soltition  is  used  rapidly  it:  will  do  to  [jut  an  excess  of 
solid  dye  into  u  bottle  with  aniline  water,  to  whieli  one-tenth  part 

alcoliol  is  added,  ami  allow  the  Holution  to  become  saturated,  filling 
vvitJi  alcohtjl  and  iiniljno  water  from  time  to  tirae  as  required. 

The  adiiitiim  of  aniline  to  the  solutions  makes  their  coloring  more 
powerful,  :iiid  also  more  permanent. 

Fnchsine. — Solutions  of  this  red  dye  may  be  made  in  the  four 
iDCtliods  described  for  methyl-violet. 

In  aildition,  a  carbolic  solution  (Neelsen's)  is  used,  which  is  pre- 
pared as  follows:  Make  a  solution  of  carbolic  acid  in  distilled  water 
iu  the  [iroportion  of  five  per  cent.,  an<l  atld  one-tenth  part  of  a  con- 
centrateil  sohition  of  fuchsine.  Otherwise,  thus:  fnchsine  one  part 
(by  weiglit) ;  absolute  alcohol  10  parta  ;  five  per  cent,  aolutioti  of  car- 
bolic acid  I'KJ  pnrt.H. 

The  solution  keeps  much  better  than  the  aniline  solutions,  and 
carbolic  acid  has  the  name  action  that  aniline  has  in  increasing  the 
coloring  power  nf  the  dyes. 

The  aliove  are  the  colors  chietly  used  for  staininj;  bacteria,  but  in 
order  to  dijtplay  the  tissues  or  cells  it  is  often  desirable  to  stain  them 
of  s<Hiie  contrast  color.  If  the  bacteria  are  colored  red,  then  methylene 
blue  iu  dilute  solution  may  he  used  iis  a  contrast  stain.  If  they  are 
blue,  cosine  in  a  one  or  two  per  cent,  watery  solution,  or  a  solution  of 
carmine  or  picro-carmine  may  be  used.  Another  color  sometimes 
employed  for  this  purpose  is  IJiamarck-hrown  in  a  two  per  cent. 
aqneouA  solution. 

The  general  principle  of  staining  bacteria  is  to  allow  the  color  to 
act  on  the  whole  preparation,  and  then  to  extract  it  from  all  parts 
except  the  bacteria,  which  retain  it  with  greater  tenacity,  especially 
if  the  color  has  been  combined  with  aniline.  As  decolorizing  agents 
we  n)ay  use  first  distilled  water,  which  may  be  sufficient  in  some  cases ; 
then  alcohol,  which  cxlracts  some  colors  very  completely,  but  may  act 
too  strongly.  Oil  of  cloves,  and  in  a  less  degree  turpentine,  act  as  de- 
colorizing agents  if  used  for  mounting.  Fly  taking  ailvantage  of  the 
solvent  powers  of  the  above  fluids,  sufficient  decolorization  is  often 
effectetl,  but  for  certain  jturposes  special  methods  are  used,  of  which 
some  exani])k's  will  bo  given. 

Oram's  method  is  one  of  the  best  for  oVitnining  an  isolated  staining 
of  bacteria.  An  aniline  water  solution  of  gentian-violet  (or,  still 
better,  methyl-violet)  is  prepared,  in  which  preparations  are  soaked  for 
periods  varying  from  some  minutes  (cover-classes i  to  several  hours 
(sections),  They  are  then  plaee<l  in  an  iodine  solution  prepared  as 
follows :  Iodine  oup  part,  potasisium  iodide  two  parts,  water  SOO.  In 
this  they  remain  for  from  one  to  three  minutes,  till  they  turn  brown. 
They  are  then  placed  in  alcohol  till  the  brown  color  is  completely 
washed  out,  and  may  be  counter-stained  with  cosine  or  Bismarck- 
brown.  Oil  of  cloves  may  be  used  if  necessary  for  complete  docoloriza- 
tion.  This  method  leaves  most  bacteria  stained  purple  ;  but  certain 
portions  of  tissues,  especially  the  granules  of  plasma-cells,  and  some- 
times nuclei,  will  sometimes  retain  the  color.     This  method  is  suitable 
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for  the  microorganisms  of  suppuration,  septic  bacteria,  the  bacilli  of 
tubercle  and  anthrax  and  rhinoscleroma,  and  for  anthracomyces. 
Some  others,  e.g.^  the  cholera  bacillus,  that  of  typhoid  fever,  the  coccus 
of  gonorrhea  and  Friedhinder's  pneumo-coccus,  are  decolorized. 

To  Examine  Sputum  for  Tubercle  Bacilli. — Take  a  small  quantity 
of  the  yellowish  or  opaque  part  of  the  sputum  (avoiding  pure  mucus) 
with  a  needle,  and  spread  on  a  perfectly  clean  cover-glass.  Press  on 
this  another  cover-glass,  and  squeeze  the  matter  between  the  two, 
removing  the  superfluity  from  the  edges  with  blotting-paper  or  rag. 
Then  slide  the  glasses  off  one  another  so  as  to  leave  the  thinnest  pos- 
sible film  upon  each.  Leave  the  glasses  to  dry.  When  dry,  take  up 
with  forceps,  and  pass  three  times  rather  slowly  through  the  flame  of 
a  spirit  lamp  or  Bunsen's  gas  burner  with  the  film  uppermost,  but  not 
so  as  actually  to  scorch  it. 

Then  float  the  cover-glasses  with  the  coated  side  downward  in  a 
watch-glass  or  saucer  containing  a  solution  of  fuchsine  prepared  by 
Weigert's  or  by  Neelson's  method  given  above. 

The  solution  may  be  previously  heated  in  a  test-tube  till  bubbles 
begin  to  appear,  and  then  poured  into  the  saucer  ;  or  the  watch-glass 
may  be  cautiously  heated  over  the  lamp  in  the  same  way.  This  accele- 
rates the  process,  but  is  not  necessary.  .The  staining  is  then  complete 
in  five  or  ten  minutes.  In  the  cold  two  or  three  hours  should  be 
allowed,  to  be  (juite  sure,  though  half  an  hour  is  usually  enough. 

The  red-stained  cover-glass  is  then  dipped  for  a  few  seconds  in 
dilute  nitric  acid  (concentrated  acid,  one  in  three  or  four)  for  aniline 
solutions,  or  sulphuric  acid  (one  in  twenty),  if  the  carbolic  solution  has 
been  used. 

The  whole  preparation  is  now  colorless,  except  the  tubercle  bacilli, 
which  are  red.  To  show  the  cells  and  any  other  bacteria  which  may 
be  present,  stjvin  for  a  few  minutes  in  dilute  solution  of  methylene-blue, 
wash  in  distilled  water  and  allow  to  dry.  When  dry,  place  the  cover- 
glass  on  a  drop  of  Canada  balsam,  dissolved  in  turpentine  or  xylol,  on 
a  slide,  and  the  mounting  is  complete.  The  cells,  etc.,  will  appear 
blue,  the  tubercle  bacilli  red.  Cedar  oil  is  more  convenient  than 
balsam  for  immediate  examination  ;  and  the  cover-glass  may  afterward 
be  transferred  to  balsam,  if  desired. 

Other  methods  are  based  on  the  fact  that  methylene-blue  displaces 
the  color  of  fuchsine  in  all  elements  except  the  tubercle  bacillus. 
Hencage  Gibbes's  rapid  method  depends  upon  this.  His  double- 
staining  solution  is  prepared  as  follows : 

Fuchsine 2  parts. 

Mothylene-blue 1  part. 

Triturate  in  a  glass  mortar. 

Dissolve  aniline  oil,  three  parts,  iu  rectified  spirit  fifteen,  and  add 
slowly  to  the  above.  Lastly,  add  slowly,  distilled  water  fifteen  parts. 
It  may  be  obtained  ready  made  in  the  shops. 

To  use  this  solution,  heat  a  little  in  a  test-tube  till  bubbles  of  air 
form ;  pour  into  a  watch-glass  and  float  the  cover-glasses  upon  it,  or 
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immerse  them  for  five  minutes.  Wash  in  methylated  spirit  till  no 
more  color  comes  away  ;  dry  and  mount  in  Canada  balsam.  If  the 
liquid  be  not  heated,  an  hour  is  required  for  staining.  The  same 
objects  are  stained  blue  and  red  respectively,  as  in  the  other  method. 

This  is  the  shortest  method  for  clinical  purposes,  and  if  a  positive 
result  is  obtained,  is  perfectly  trustworthy,  but  from  my  own  experi- 
ence I  prefer  Neelsen's  method.  Other  secretions,  such  as  pus,  urine, 
etc.,  may  be  examined  in  the  same  way  as  sputa. 

Staining  of  Sections  is  effected  on  the  same  principle  as  that  of 
cover-glass  preparations,  but  the  sections  recjuire  soaking  for  twelve  or 
twenty-four  hours  in  the  original  staining  solution.  Before  mounting 
in  balsam,  the  section  should  be  cleared  with  turpentine  rather  than 
with  the  clove  oil  generally  used  ;  Koch  recommends  oil  of  cedar. 
But  if  the  sections  be  deeply_  stained  first,  the  decolorizing  action  of 
clove  oil  may  be  made  useful.  The  carbolic  solutions  (Neelsen's)  are 
not  recommended  for.  staining  sections. 

For  sections  containing  tubercle,  Weigert's  fuclisine  solution  is 
probably  the  best.  For  many  other  purposes  Oram's  method  is  the 
most  satisfactory.  Contrast  stains  may  be  advantageously  used  with 
both. 

Epidermic  Preparations. — Scales  or  sections  of  skin  arc  difficult  to 
stain,  because  all  epidermic  structures,  including  haii-s,  absorb  the 
colors  very  strongly.  The  best  plan  is  fii'st  to  remove  all  fat  from 
the  objects  by  soaking  in  ether — for  some  hours,  if  necessary — gener- 
ally a  few  minutes  will  suffice.  Then  add  to  the  scales,  on  a  slide  or 
cover-glass,  acetic  acid  diluted  with  an  equal  part  of  water.  Press 
between  two  cover-glasses,  or  two  slides  placed  conically,  so  that  the 
specimens  softened  by  the  acid  may  be  flattened  out  as  much  as  pos- 
sible. Then  separate  the  glasses  and  allow  them  to  dry  spontaneously. 
The  raicro«)rganisms,  whether  bacteria  or  fungi,  may  now  bo  stained 
with  Loffler's  methylenc-bluo  solution,  and  washed  with  strong  spirit, 
when  the  epidermic  cells  and  hair  give  up  most  of  their  color,  leaving 
the  organisms  colored  blue. 

The  above  coloring  methods  are  sufficient  for  most  purposes,  though 
special  methods  have  to  be  u.sed  in  cerUiin  causes. 

Honnting  Preparations. — Bacteria  stained  as  above  may  be  exam- 
ined in  glycerine  or  even  water  for  temporary  purposes,  but  for 
preservation  should  be  dehydrated  with  absolute  alcohol,  and  either 
dried  in  the  air  or  passed  through  cedar  oil,  and  mounted  in  a  solution 
of  Canada  balsam,  best  made  with  xylol.  For  clinical  purposes, 
examination  in  cedar  oil  is  generally  sufficient,  and  the  glasses  are 
more  easily  cleaned.     Oil  of  cloves  is  a  somewhat  dangerous  medium. 

For  other  methods  and  practical  details,  reference  must  be  made  to 
special  works. 
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The  following  list  of  a  few  of  the  numerous  publications  on  the  subject  mar  be 
useful : 

General  Biology  of  Bacteria. 

The  best  work  accessible  to  the  English  reader  is  : 
A.  DeBary's  *•  Lectures  on   Bacteria,"  translated  by  H.  E.  F.  Garnsey,  and 
revised  by  Prof.  J.  B.  Balfour.     Oxford,  1887. 
The  same  author's  larger  work  may  be  also  referred  to  : 
"Comparative  Morphology  and  Biology  of  the  Funi;i,  Mycetozoaand  Bacteria." 
In  English  by  the  same  translator.     Oxford,  at  the  Clarendon  Press. 
In  German  the  aiost  comprehensive  work  is  : 
C.  Fltigge:  "Die  Mikroorganismen."     Leipzig,  1886. 

See,  also,  W.  Zopf:  "Die  Spaltpilze."  Third  edition.  Breslau,  1884.  Is 
botanical. 

Bacteria  iti  Relation  to  Disease. 

Klein:  '*  Microorganisms  and  Disease."     Third  edition.     London,  1886. 

Cornil  et  Bab6s:  "  Les   Bact^ries  et  teor  rdle  dans  les  maladies  infectieuses." 

Second  edition.    Paris,  1H86. 
Baumgarten :  "  Lehrbuch  der  pathologischen  Mykologie,"  Braunschweig,  1888 

(in  progress). 

Practical  and  Technical  Works. 

£.  M.  Crookshank  :  "  Manual  of  Bacteriology,"  second  edition.  London,  1887. 
Numerous  plates. 

F.  Hueppe :  "Die  Methoden  der  Baklerien-Forschung,"  third  edition.  Wies- 
baden, 1886. 

F.  Hueppe 's  "The  Methods  of  Bacteriological   Investigation,"  translated   by 

Woodhead  and  Hare:  "  Pathological  Mj-cology,"  Part  I.     Edinburgh,  1885. 
Huberund  Becker:  "  Die  pathologisch-histologischen  und  bacteriogischen  Unter- 
sucbungsmethoden."     Leipzig,  1886. 

Special  Memoirs. 

A  very  few  only  can  be  mentioned  here.  Numerous  references  are  contained 
in  Dr.  Crookshank's  work  cited  above,  and  since  1885  they  are  given  very  com- 
pletely in  Baumgarten 's  "  Jahresbericht  uber  pathogene  Mikroorganism^en,"  of 
which  two  volumes  have  appeared,  for  1885  and  for  1886. 

K.  Koch,  on  "  Traumatic  Infective  Diseases,"  translated  by  W.  Cheyne,  New 

Sydenham  Society.     London,  1880. 
"  Recent  Essays  on  Bacteria  in  Relation  to  Disease,"  edited  by  W.  Cheyne,  New 

Sydenham  Society.     London,  1886. 
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The  Reports  of  the  Medical  Officer  to  the  Local  Government  Bi>ard,f..r-7: 
years   past,   contain   numerous  memoirs   by  Klein,    Burdon    Sand«rsi>n,  Li 
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ABRIN,  30fi 
Aearus,  scabiei,  427 
folliciilorunn,  448 
Actinomj-ces,  445 
Adenoma,  238 

of  liver,  238 

secondary,  of  kidney,  199 
Adipocere,  164 
Ague,  S8S 

bacillus,  501 

blood -parasites  in,  405 

morbid  anatomy  of,  391 

temperature  in,  13'1 
Air-conlninin);  cysts,  259 
Amoeba  coli,  403 
Amyloid  concretions,  1)!7 

degeneration,  ate  Ijarduceou!<. 
Ana>mia,  catii-ej  of,  274 

degreeii  of,  273 

general,  2(>,  217 

local,  88 

lyniphalica,  220 

8ign»  of,  after  death,  40 
Aniemic  murmur,  274 
Aneurism  caused  by  emboli>m,  (>G 

miliary,  51 
Angioma,  224 

capillary,  225 

cavernous,  226 
Aniline  dye^,  for  bacteria,  Appendix. 
Ankylostonia  duodenale,  409 
Antbrax,  38i> 

bacillus  of,  487 

in  men,  489 

vaccination  of,  490 
Antipyretias,  132 
A«caris  lumbricoides,  407 

mystax,  408 
Ascites,  47 
Atrophy,  general,  144 

from  disuse,  146 

from  other  t-auses,  148 

from  over->ise,  147 

infantile,  145 

local,  144 


BACILLUS,  anthraci*.  487 
connected  with  disease,  486 
definition,  457 
diphtheriticus,  499 


Bacillus,  lepn»,  496 

Neapolitanu^,  501 

of  blue  pus,  452 

of  glanders,  497 

of  malaria,  601 

of  malignant  oedema,  499 

of  rhino.'cleronta,  5()(> 

of  septictemia  in  mice,  503 

of  septicemia  in  man,  501 

of  swine-typhoid,  602 

of  symptomatic  anthrax,  503 

of  tetanus,  502 

of  typhoid,  497 

of  ulcerative  stomatitis,  502 

pyogenes  foctidu^,  502 

saprogenes,  502 

syphiliticus,  500 

subtilis,  486 

tuberculosi.*,  491 
Bacteria,  analyfcal  table,  460 

classilicalion,  455 

connection  with  disease,  465 

cultivation,  461 

definition,  449 

distribution,  4'>0 

distribution  in  (kmIv,  470 

elimination,  471 

in  human  body,  452 

methods  of  stainini;  and  bibliogra- 
phy. Appendix. 

putrefactive,  603 

relation  to  tissue.',  467 
Bilharzia  hiematobia,  416 
Birds'-nest  bodies  in  epiiliolial  tumor>, 

248,  241 
Blastomycetio,  443 
Blood,  colored  corpuscles,  269 

density,  269 

plasma,  282 

qualitative,  267 

variations  in  quantity,  24 

variations  in  water,  467 

white  corpuscles,  276 
Blood-parasites,  405 
Blood-p^es^uro,  causes  of  increase  in, 
74 

of  diminution  in,  75 

pathological  relations,  09 

relation  to  pulse,  75 

signs  of  high  and  low,  78 
Blood-plaque.",  280 
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Bothrioeeptaalus  latus,  425 
Broncbocele,  25(i 


CADA.YEKIC  poisoning,  SOU 
Cadaverine,  312 
Calcareous  infiltration,  IGl 
Cancer,  definition,  239 

cells  of,  239 

colloid,  252 

epithelial,  241 

glandular,  244 

of  bone,  252 

of  intestines,  249 

of  kidner,  251 

of  liver,  249 

of  lunj;,  2oO 

of  mamma,  245 

of  skin-glands,  247 

of  stomach,  248 

of  uterine  organs,  251 

scirrhus,  252 

stroma  of,  240 
Carcinoma,  see  Cancer,  also  Malignant 

Tumor. 
Cartilaginous  tumors,  211 
Caseation,  142 
Cell,  definition  of,  178 
Cell-migration,  90 
Cell-proliferation.  181 

evidence  of,  182 
Cercomonas  inteslinalis,  4i>4 
Cestoda,  417 
Charct>t's  crystals,  278 
Cheloid.  207 
Chlorosis:,  270,  274 
Cholera,  338 

cause  of,  509 

conveyed  by  water,  339 

morbid  HnaUimy  of,  340 

fK>ison  of,  510 

spirillum,  504 
Cholera-red,  bOfi 
Cholesterin  in  bliKid,  283 
Chondroma,  itef  Enchondroma. 
Coooacea?,  ,*ef  Micrv>cocoi. 
Ci>ccidium.  403 

Cohnheira,  his  iheorv  of  new  growth-. 
191 
of  inflammation,  00 
Cold,  injuri>>iis  effects  of,  'JS'J 
Colloid  degeneration,  158 
Contagion,  3 15 
Contagious  disea«es.  31»'> 
Cowpos.  330,  477 
Cretinism.  I'iO 
Cylindroma,  235 
Cyst,  dftinition,  454 

classification,  255 

Cvintaitiinsj  air,  259 

dermoid.  -''U 

developmental.  257 

endotheliitl.259 

bemorrhHgi*-.  2'>9 


Cyst,  mucous,  256 

of  broad  liganaent,  257 

of  disintegration,  258 

of  kidnej,  2.'>7 

of  ovary,  257,  259 

of  uterus,  256 

proliferous,  259 

retention,  255 

sebaceous,  2oo 

serous,  of  the  neck,  25S 

of  thyroid,  257 
Cysticercus  celiulosae,  419 
Cystic  parasites,  417 
Cystoma,  255,  259 


DEATH,  somatic,  1S7 
of  tissue-elements,  187 
Degeneration,  150 

albuminous  or  granular,  l-ji> 

calcareous,  161 

coUuid,  158 

fatty,  153 

fibroid,  167 

lardaceouB  or  amyloid,  163 

mucous,  159 

pigmentary,  162 
Demodex  folliculorum,  428 
Diapedeais,  91 
Diphtheria,  345 

bacteria  in,  499 
Diphtheritic  membrane,  345 
Disease,  causes  of,  21 

definition  of,  17 
Distoma  hepaticum,  415 

haematobium,  41'> 
Dropsy,  43 

causes  of,  4-3 

clinical  forms  of.  47 

lymphatics   in,  4«> 
Dysentery,  350 

parasite  in,  403 


ECCHONDROSIS,  211 
Echinococcus,  421 
Electricity,  effect-*  of,  Ss** 
Elephanti'asis,  207,  228 
Embolism,  f>3 

cancerous,   199 

capillary,  66 

fatty,  67 

kinds  of,  63 
Embryonic  nidiments,  origin  of  t^n 

from.  190 
Enchondroma.  211 

of  special  organs,  213 

secondary,  199 

structure  and  varieties,  271 
Endothelioma,  236 
Entophyte^.  432 
EnUtzoa,  399 

tiggi  of.  426 
Enzyme,  297 
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Epidermic  growths,  287,  SC3 
Epiphytes,  482 
Epithelial,  glandular,  288 

new-growths,  237 

squamous,  237 
Epithelioma,  238,  241 
Erysipelas,  347 
Exostosis,  214 

cartilaginous,  216 


FARCY,  385 
Fat  in  the  blood,  288 
Fatty    degeneration,    definition    and 
causes  of,  155 
special  forms  of,  155 
Fatty  infiltration,  162 
of  heart  152 
of  liver,  158 
Fecal  poisoning,  307 
Ferments,  action  of,  300 
enumeration  of,  300 
poisonous  action,  302,  304 
two  kinds  of,  299 
Fever,  117 

action  of  drugs  on,  132 
clinical  types  of,  134 
concomitant  symptoms  in,  133 
from  injury  to  nervous  system,  127 
hectic,  136 
intermittent,  136 
of  urea,  128 

production  of  carbonic  acid  in,  122 
theories  of,  121,  124 
traumatic,  129 
unexplained,  130 
Fibrin,  variations  of,  in  the  blood,  282 
Fibroid  degeneration,   or  substituiipn, 
1G7 
relations   of,    to    ntrophy    and 

over-growth,  168 
varieties  of,  168 
Fibroma,  or  fibrous  tumor,  208 
Fibro-neuroma,  206 
Filaria  sanguinis  hominis,  412 

medinensis,  414 
Flukes,  41o 


HEMACYTOMETER,  270 
Htematoidin,  58 
Haematoma,  52 

Hsematoblast,  see  BInod-pIaques. 
Usemoglobin,  proportions  of,  in  blood, 
272 
'  Haemophilia,  55 
Hemorrhage,  50 

by  diapede^is,  50 

by  rupture,  50 

special  kinds  of,  52 
Heat,  injurious  effects  of,  287 
Hemiatrophia  facialis,  145 
Hemiatrophy,  145 
Hodgkin's  disease,  2^0 
Homologous  and  heterologous  growths, 

193 
Homoplastic  and  heteroplastic  growths, 

193 
Hydatids,  421 
Uydrsemia,  267 

atrophic,  2(18 
Hydremic  plethora,  267 
Hydrophobia,  351 

preventive  inoculation  of,  353 

specific  virus  of,  352 
Hypalbuminosis,  268 
Hyperemia,  arterial,  28 

capillary,  36 

collateral,  29 

general,  24 

local,  28 

neuroparalytic,  29 

neurotonic,  30 

reflex,  81   ' 

signs  of,  after  death,  40 

venous,  38 
Hyperplasia,  177 
Hyperpyrexia,  131 
Hypertrophy,  172 

causes  of,  174 

functional,  175 

general  and  local,  173 

process  of,  177 
Hy[)homycet8e,  485 
Hypostatic  congestion,  42 


GANGRENE,  137 
from  nerve  lesicm,  140 
varieties  of,  see  Necrosis. 
Glanders,  385 

bacillus  of,  497 
Glandular  tumors,  288 
Glioma,  207 

of  retina,  285 
Gonorrhoea,  356 
Granulations,  112 
Granulation  tumors,  114,  264,  303 

connection  with  inflammation, 

265 
definition  of,  2fi5 
Granuloma,  see  Granulation  tumor. 


IMPETIGO  contagiosa,  358 
Immunity  against  disease,  819 
Infection,  314 

Infectiveness  of  tumors,  195 
Inflammation,  81 

cell-migration  in,  90 

cell-proliferation  in,  97 

comparison   with  other   circulatory 
disturbances,  95 

definition  of,  82 

exudation  in,  94,  100 

of  non-vascular  parts,  96 

parenchymatous,  106 

products  of,  99 

relation  of,  to  repair,  109 

special  phenomena  of,  87 
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Inflammation,  varieties  of,  105 
vHBcular  changes  in,  87 

Infusoria,  in  blood,  404 

Injury,  changes  produced  by,  82 
relation  of,  to  repair,  85 

Injuries,  mechanical,  285 
physical,  286 

Ischsemia,  39 


KARYOKINESIS,  180 
in  tubercle,  493 
Karyomitosis,  180 


LARDACEOUS  degenerati«)n,  cause* 
of,  16G 
chemical  relations  of,  166 
nature  of,  163 
parts  afiected,  164 
Leiomyoma,  222 
Leprosy,  384 

bacillus  of,  496 
Leptus  autumnalis,  428 
Leukcemia,  277 
Leucocytes,  variations  of,  276 
Leucocythsemia,  see  Leuksemia. 
Lipoma,  or  fatty  tumor,  209 

diffuse,  210 
Lupus,  876 

connection  with  tubercle,  877 
Lymphadenoma,  218 
Lymphangiectasis,  227 
Lymphangioma,  227 
Lymphatic  ana'mia,  21T 
Lymphatic  tumors,  see  Lymphoma. 
Lymphoma,  217 

multiple,  218 
Lymphosarcoma,  218 
Lymph-Scrotum,  228 
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MACROCHEILIA 
Macroplossia,  227 
Malaria,  388 

blood  pariLxites  in,  405 
Malignancy  <if  tumors,  connection  with 

structure,  202 
Malignant  pustule,  38(! 
Malignant  tumors,  criteria  of,  202 
delinilion  of,  I'M 
generalization  of,  197 
parasitic  theory  of,  200 
secondary  growths,  \W 
Measles,  32»; 

German.  327 
Metschiiikott's  researches,  i>3,  -lOO 
Miasmatii-  diseases,  388 
Microci'ocus,  cholera  gallinarum,  48.'i 
forms  of,  4');j 
of  l)lue  pus,  48") 
of  endiK-Hrditis,  481 
of  foot  and  mouth  disease,  48") 
of  gonorrhiea.  483 


i  Micrococcus  of  pneumonia,  4p^ 
I  of  suppuration,  478 

of  variotu  disease*,  484 
'  pathogenic,  473 

I  scarlatin»,  476 

I  tetragenus,  484 

I  vaccinia,  478 

]  variola,  478 

i  Microcytes,  271 
I  Molluscum  contagiosiim.  237 
I  Molluscum  flbrosum,  20») 
I  Moulds,  in  internal  organs,  43<) 
I  pathogenic,  437 

saprophytic,  436 
,  Mumps,  343 

Muscarine,  312 

Muscular  tumur*,  220 

Mycetoma,  448 

Mycoses,  892 

Mydaleine,  312 

Myoma,  220 
uterine,  221 

Myxocdema,  159 

Myxoma,  or  mucous  tumor,  '.W 


NECROSIS,  137 
causeo  of,  138 
coagulative,  or  hyaline,  141 
process  of,  141 
varieties  «)f,  141 
Nematoda,  parasitic,  407 
Neuridine,  311 
Neurine,  311 
Neurofibroma,  206,  223 
Xeuroma,  223 

of  slumps,  223 
New  growth,   di.»tinction  froin  inl* 
matiitn,  ISo 
general  laws  of,  17f< 
growths,  fiee  Tumors. 

rt^lation  to  enibryi>l"ijt,l^ 
Nucleus,  division  of,  178 


a^DEMA,  xee  Dropsy. 
J     Oligieuiia,  2^; 
Oligocythivuiia,  270 
Omentum,  normal  cell-prolifer«»t» 
Ophthalmia,  356 
O.-teoma,  214 

multiple.  215 
0^teophyte,  21tt 
OvuIh  Naboihi,  25»> 
(,)xyuris  vermicularis,  406 


PAPAIN,  .301,  305 
Parasites,  animal,  403 
in  blood,  404 
metamorphoses  <>f,  39*> 
vegetable,  432 
Parasitism,  generation  caused  kji^ 
in  general,  394 
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Pasteur's   method  of  inoculation   for 

hvdrophobia,  853 
Patliology,  main  divisions  of,  22 
Fediculus,  species  of,  429 
Pentastomum  tsenioid&<=,  429 
Phagocytes,  93 
Pigmentation,  1G2 
Plague,  387 

geographical  distribution  of,  S38 
Plasma-cells,  114 
Plethora,  24 

hydramic,  26 
Poicylocytosis,  271 
Poisons,  absorption  of,  293 

actions  of,  290 

animal,  302 

classification  of,  297 

irritant  and  corrosive,  291 

neurotic,  296 

secondary  effects  of,  294 
Predisposition  to  disease,  819 
Proteus  vulgaris,  503 
Psammoma,  23fi 
Ptomaines,  811 
Pulex  irritans,  481 
Pulse,  variations  of,  75 
Pus,  103 
Putrefaction,  causes  of,  309 

products  of,  310 
Pyromia,  357 

nature  of  the  poison,  860 
Pyrexia,  see  Fever. 


RABIES,  in  dogs,  two  forms  of,  352 
Ranula,  256 
Raynaud's  disease,  39 
Relapsing  fever,  237 
spirillum  of,  512 
Repair,  of  tissues,  110 

relation  of,  to  injury,  85 
to  inflammation,  109 
Rhabdomyoma,  221 
Rhinoscleruma,  383 
bacillus  of,  500 
Rodent  ulcer,  243,  247 


SACCHAROMYCEy,  444 
of  the  skin,  444 
Sago-spleen,  165 
Saprophytes,  432 
Sarcina  ventriculi,  486 
Sarcoma,  characters,  22'.) 
definition  of,  229 
kinds  of,  231 
myeloid,  233 
round-celled,  231 
special  varieties,  234 
spindle-celled,  232 
Scarlatina,  324 

micrococci  in,  476 
nephritis  in,  325 
Schizomycetes,  see  Bacteria. 


Septic  poisoning,  808 
Septicaemia,  808,  361 
Shock,  128,  286 
Smallpox,  827 

morbid  anatomy  of,  328 
Snake-poison,  303 
Spanaamia,  27 
Specific  diseases,  classification  of,  321 

explanation  of,  814 
Spirillum,  causal  relations  of,  509 

definition,  456 

cultivation  of,  605 

Finkleri,  511 

Obermeieri,  612 

of  cholera,  504 
Staphylococcus  pyogenes  aureus*,  478 

species  of,  478 
Stasis,  capillary,  36 

in  inflammation,  90 
Streptococcus,  455 

ariiculoruni,  476 

of  erysipela*,  474 

pyogenes,  475 
Suppuration,  104 
Suppurations,  contagious,  353 
Syphilis,  379 

bacillus  in,  500 

primary  sore,  380 
Syphiloma,' 381 


T..ENIA  echinococcus,  42l 
medio-canellata,  420 
solium,  419 
I  Tape-worms,  417 
j  rare  sjiecies,  425 

Temperature  of  the  human  body,  117 
febrile,  120 
variations  in,  117 
Tension,  urierial,  see  Blood-pros?ure. 
I  Tetanus,  350 

bacillus  in,  074 
Thrombosis,  56 
I  causes  of,  57 

1  consequences  of,  60 

I  Thrombus,  56 
I         softening  of,  62 
;         structure  of,  60 
i  Thyroid  gland,  colloid  degeneration,  15H 
j  result  of  removal,  160 

tumors  of,  239 
I  Toxines,  311 
Trematoda,  415 
Trichina  spiralis,  409 
Trichocephalus  dL^par,  408 
Tubercle,  304 
',  bacillus  of,  491 

I  causal  relation  of,  494 

chanues  in,  366 
'         predisposition,  496 
I  recognition  of  bacillus,  494 

:  Tuberculosis,  360 
i         as  a  specific  disease,  374 
i  of  brain,  373 
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Tuberculosis  of  intestines,  871 

of  kidney,  372 

of  lung*,  368 

of  serous  membranes,  873 

of  the  lower  animHls,  375 
Tumors,  causes  of,  188 

classification  of,  187,  193,  203 

Cohnheim's   tlieory    of    origin 
191 

congenital  sacral,  263 

cystic,  254,  259 

definition  of,  184 

generalization  of,  197 

infccliveness  of,  195 

innocent  and  malignant,  194 

teratoid,  262 
Typhoid  fever,  332 

bacillus  of,  497 


Typhoid  fever,  morbid  anatomTilS 
Typhus,  880 

i 
TTRE A  and  uric  acid,  in  blood,  ^ 


of,  j  yACCIXATION,  329 


Varicella,  880 
Virus  of  apeciflc  diseases,  nature  of.ir 

WHOOPING-COUGH,  342 
Worms,  parasitic,  407 


YEASTS,  443 
paraaitic,  444 
Yellow  fever,  891 
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THE  MEDICAL  NEWS  VISITING  LIST  (3  styles,  see  p.  3),  $1.25. 
With  either  or  both  above  periodicals,  in  advance,  75c. 

ITHE  YEAR-BOOK  OF  TREATMENT  {see  p.  17),  $1.25.  With 
either  JOURNAL  or  NEWS,  or  both,  75c.  Or  JOURNAL. 
NEWS,  VISITING  LIST  and  YEAR-BOOK,  $8.50,  in  advance. 


WITH  1889,  The  Journal  enters  upon  its  sixty-ninth  and  The 
News  upon  its  forty-seventh  year.  Anticipatintr  the  require- 
iments  of  the  times,  The  News  changed  from  a  monthly  journal  to  a 
I  vastly  larger  weekly  newspaper  in  1882,  and  The  Journal  clmnged  from 
I  a  quarterly  to  a  monthly  in  1888,  increasing  its  contents  and  simultaueously 
reducing  its  price.  Jointly  these  two  perioiiicals  combine  all  that  is  possible 
and  desirable  in  medical  journalism,  the  promptness  of  the  newspaper  and 
ithe  elaboration  of  the  magazine.  (Continued  on  ne.r*.  7(><tqfe.N 


2    LxA  BaoTHERs  &  Co.'s  PsBiooiOALs— Am.  Journal,  Medical  Kmk 

The  AniBi<ic&n  Joni<n&I  &nd  Tp  I^edic&I  jleVr^ 

OonUmuAd  from  First  P»ye. 

Great  care  is  exercised  to  make  them  thoroughly  practical  and  of  ^ 
utmost  possible  assistance  in  the  eveiy-day  work  of  the  physician,  atpm 
and  obstetrician.  The  Departments  of  Progress,  for  instance,  U^ 
1888,  contained  2360  individual  articles  on  Medical  Advances,  plitd 
from  the  medical  periodicals  of  the  world.  The  Original  DqMitaoi 
are  filled  with  important  communications  from  the  most  practical  mtki 
the  profession  on  both  sides  of  the  Atlantic,  and  the  Revievs  earn 
impartial  judgments,  as  to  the  value  of  the  most  recent  additions  to  At 
literature  of  medicine.  In  addition  to  the  above  features  commra  to  Vik 
The  News  contains  carefally  gathered  details  of  advanced  Hospital  Tm 
ment,  skilful  Editorials  on  living  topics,  News  Items,  Society  Procee&fi 
Notes  and  Queries,  Correspondence,  etc. 

Designed  to  fill  distinct  and  complementary  spheres,  these  periodiali 
are  most  advantageously  read  in  conjunction,  and  to  lead  eveiy  paoi- 
tioner  to  prove  this  for  himself  the  commutation  rate  has  been  pktl 
at  the  very  low  figure  of  $7.50.  Their  cheapness  at  this  rate  is  reoM 
obvious  by  the  consideration  that  they  contain  most  valuable  mttt 
equivalent  to  9  octavo  volumes  of  700  pages  each.  Although  fitttdk 
be  read  together,  each  periodical  is  individually  complete  and  a 
no  duplicated  matter,  so  that  every  reader  of  either  is  kept  thoroo^ 
posted.  The  reader  of  both  gains  the  grasp  of  medical  advance  whids 
assured  by  locating  matters  from  different  points  of  view. 

As  a  premium  for  advance-payment  to  either  or  both  the  abcn 
periodicals,  The  Year-Book  of  Treatment  (see  page  17)  is  furnished  fa 
75  cents  (regular  price,  $1.25).  This  convenient  work  gives  an  rak- 
pendent  and  classified  statement  of  the  value  and  uses  of  such  reoefii 
as  have  been  introduced  and  tested  with  success  during  tlie  year. 

Similarly,  The  Medical  News  Visiting  List,  the  most  perfect  woA  of 
its  kind  (see  page  8),  is  furnished  to  advance-paying  subscribers  for  'i 
cents  (regular  price,  $1.25).     Thumb-letter  index,  25  cents  extra. 

OR,    AS   A   SPECIAL   OFFER, 

Journal,  News,  Year-Book  and  Visitinu  List,  in  advance,  $8.'30. 

Subscribers  can  obtain,  at  the  close  of  each  volume^  cloth  cmtnj* 
The  Journal  {one  annually),  and  for  The  News  {one  annually),  fruU 
mail,  by  remitting  Ten  Cents  for  The  Journal  cover,  and  Fifteen  Ceati 
for  Tub  News  cover. 

j8@°'The  safest  mode  of  remittance  is  by  bank  check  or  postal  nwoey 
order,  drawn  to  the  order  of  the  undersigned ;  where  these  are  not  *«» 
sible,  remittances  for  subscriptions  may  be  sent  at  the  risk  of  the  pablisha 
by  forwarding  in  registered  letters.     Address, 

'EA  BROTHERS  &  CO.,  706  &  708  Sansom  Street  F/u'kuMpkk 


Lka  Bbothers  &  Co.'a  Pubuoations — Period.*  Manuals. 


THB  MEDICAL  NBWS  VISITING  LIST  FOB  1889 

Hu  been  revised  and  brought  thonnighly  up  to  diite  in  every  re8i>ect.  It  con- 
tains 48  pages  of  text,  including  calendar  for  two  yean;  obstetric  diagrams;  scheme 
of  dentition ;  tables  of  weights  and  measures  and  comparative  scales;  instructiooji  for  ex- 
anuDlng  the  urine;  list  of  dialofectantj);  table  of  emptlve  feven ;  lists  of  new  remediea 
and  remedies  aot  generally  used  ;  iaojmpatlbles,  poiaona  and  anti<l()t»i ;  artificial  reepira* 
tion ;  table  of  do6ee,  prepared  to  accord  with  the  lavt  reviaion  of  the  U.  H.  Pharmacopoeia ; 
an  extended  table  of  Diseases  and  their  remedies,  uml  directiutis  for  ligation  of  ar- 
terieB.  176  pagea  of  blanks  for  all  reconlt*  of  practice  and  cratuible  tablet.  Handsomely 
bound   in  limp  Morocco,  with  pocket,  [tencil,  rubl>er  and  catheter  scale. 

The  Medical  News  VratTrNO  Lisrr  for  1889  is  issued  in  three  styles:  Weekly  (for 
30 patients);  Monthly,  and  Perpetual.  Each,  in  one  volume,  $1.25.  Also,  fumlBhed  with 
Ready  Reference  Thumb-letter  Index  for  quick  u.sfl,  25  centa  additional.  For  special 
offera,  including  Visiting  List,  see  page  2. 

Tbta  list  ia  all  that  could  b«  deitlred.  It  con-  '  eases  arranged  alphabetically,  kItIdk  under  M«ii 
lalnsa  Taatamonnt  of  useful  iuformatioD,  aspaol-  a  llMt  i>f  Che  prominetii  driiK»  employed  in  th« 
ally  for«mergeDCie»,  and  RlveA  good  table  of  doseB  treatnient.  When  ordered,  a  Keady  IUf«rene« 
aad  tberap«uticn.— GiftWi'i'i  /V<wfifi«»»r,  Jan. '88.  I  Thumb- letter  ladex  l«  furnished.  Thla  iea  feat- 
It  Is  a  masterpiece.  Some  of  the  rt>aii)rnK  am  ure  peculiar  to  this  Vlnlting  hinU — I'Hyiieian  and 
peoullar  to  "Tlio   Medical    News    Visitlm  List,"    Sxr'imn,  l>«c»mbvr,  l*sT. 


notably  the  Thernpeutlo  Table,  prepared  by  Dr.  T. 
Lauder  BruatoD,  which  contaioa  (he  Uat  of  dt«- 


Pbr  convenience  and  elegance  it  l«  not  (UrpaM 
abla.— 0&«(<(rie  Oauttt,  Noveinber,  1887. 


THE  MEDICAL  NEWS  PHYSICIANS*  LEDGER, 

Containing  400  pages  of  fine  linen  "  ledger  "  paper,  ruleil  so  that  all  the  accounts  of  a 
large  practice  may  be  conveniently  kept  in  it,  either  by  single  or  double  entry,  for  a  long 
penocl.  Strongly  bound  in  leather,  with  cloth  hides,  and  with  a  patent  ilexible  back, 
which  permits  it  to  lie  perfectly  flat  when  opened  at  any  pla<.«.  Price,  $5,00.  Also, 
a  small  special  lot  of  same  Ledger,  with  3{X)  }iagea.     Price,  $4.00. 


HARTSHOBNEf  HENRY,  A,  M,,  M,  D.,  LL.  D., 

Lattly  ProfeuoT  of  Hxfgumt  in  tht  Vnivertity  nf  PenntyU-nnia, 

A  Conspectus  of  the  Medical  Sciences;  Containing  Handbooks  on  Anatomy, 
Physiology,  Chemistry,  Materia  Medica,  Practice  of  Medicine,  Surgery  and  Obstetrics. 
Second  »lition,  thoroughly  revised  and  greatly  improved.  In  one  large  royal  12mo. 
Tolume  of  1028  pages,  with  477  ilhistrations.    Cloth,  $4.26;  leather,  $5.00. 


The  object  of  tlil«  manual  Is  to  afTord  a  conTen- 
tot  work  of  reference  to  Htudente  during  the  briel 
'InomentB  at  their  oommaad  while  in  at(endanee 
opon  medical  lecturea  It  U  a  faTorabie  alga  that 
it  ban  been  found  necessary,  in  a  Abort  «p*ca  of 
time,  to  IsMue  a  new  and  carefully  rerised  edition. 
The  IliiiHtratlons  are  very  oiimerous  and  unusu- 
ally clear,  and  each  part  seemA  to  hare  recelred 
It?  due  share  of  attention.  Wa  can  conceive  iiucb 
•  work  to  ba  OMfUl,  not  only  to  Htudenln,  but  to 
practitioners  as  well.    ]l  reflects  credit  upon  the 


Indiifltry  and  enersy  of  Its  able  editor.— £o4(on 
Sdntluaf  and  S\tri/iciU  JrtumiU,  Sept.  3,  18T4. 

We  cjin  say  with  the  strict«)<t  truth  that  it  la  th« 
best  work  of  the  kind  with  which  we  are  ao- 
quninled.  It  embodies  In  a  condensed  form  all 
recent  coutributlnnH  to  practical  medicine,  aud  ia 
therefore  ui^eful  to  every  niisy  practitioner  through- 
out our  country,  besides  t>e>ng  admirably  adapted 
to  th«  vtfte  of  siudents  of  medicine.  The  book  U 
failhriilly  and  ably  exeonted.— CharlMton  Mtdienl 
Journal,  April,  1S7S. 


NEILLr  JOHN,  M.  D.,  and  SMITH,  F,  G.,  M,  D,, 

LaU  Surgetm  to  the  Pennn.  Uonpltal.  Prof,  of  Iht  Institultt  nf  U«i.  in  tht  Vniv.  of  Pmwa. 

An  Analytical  Compendium  of  the  Various  Branches  of  Medical 

Science,  for  the  use  and  ex.iminalion  of  Students.     A  new  edition,  revised  and  improved. 
Inone  large  royal  12mn.  volume  of  974  pages,  with  374  woo<lcut*.    Cloth,  $4;  leather,  $4,76. 


LUDLOW,  J.  i.,  M,  D„ 

QmmAlting  Phptician  to  the  Philndelphia  Hospital,  etc 

A  Manual  of  Examinations  ujwn  Anatomy,  Physiologv,  Surgery,  Practice  of 
Medicine,  Obstetrics,  Materia  Mediia,  Chemistry,  Pharmacy  and  Xfierapeotics.  To  which 
is  added  a  Me<iical  Formulary.  Tiiinl  edition,  thoroughly  revi.'^ed,  and  greatly  enlarged.  In 
one  12mo.  volume  of  816  pages,  with  370  ilhmtratious. "  Cloth,  $3.2o;  leather,  $3.75. 

The  arrangement  of  this  volume  in  the  form  of  ipiestion  and  answer  renders  it  eepe-f 
dally  suitable  for  the  office  examination  of  students,  and  for  those  preparing  for  graduatiao 


4  LsA     Bbothebs  &  Co.'s  Publications — Dictiouaiies. 

BILLlNGSf  J,  S.,  A.  M.,  M.JD.,  LL.  I),,  Harv,  and  Bdin,, 

ifember  JSatwnnl  Academ;/  of  St^tnctt,  ftiirf/etm  U.  S.  A.,  Ett. 

A  UNIVERSAL  MEDICAL  DICTION ABY,  including  English,  French, 
GcrmoD.  lUilinn  nn<i  Ijitin  Technical  terms  Used  in  Meiiicine  and  tlie  Collateral  8cienc«6. 
By  John  S.  Billings,  A.  M.,  M.  D.,  LL.  D. 

WITH  THE  COLLABORATION  OF 
FRANK  BAKER.  MD.  WASHIM.TnN  MATTHEWS,  M,D.. 

JAMES  M.  FLINT.  M.b.,  H.  f.  V A  <U., 

R.  LORI NE,  M.  D.,  W.  T.  f  N,  M.  D., 

S.  M.  HURNETT.  M.  D,,  WILLl.W       :     ,     l  - 

J.  H.  KIDDER,  M.D..  0.  a  MINUI,  M.D. 

/n  preM. 

DVNGLI80N,  JROBLBY,  M.n., 

Late  Professor  of  Tmlitute.)  of  .V«ifi«ti«  in  the  Jeffertrm  MtdiettI  (Xillegt  ttf  PhtlodtljthiiL. 

MEDICAL  LEXICON ;  A  Dictionarv  of  Medical  Science :  Containitu 

a  ooncifie  Expknation  of  the  variout*  Suhjecta  and  Tenna  of  Anatomy,  PhjHioloeT,  Pathol- 
ogy, Hygiene,  Therapeutics,  Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical  Juris- 
tmdence  and  Dentistry,  Notices  of  Climate  and  of  Mineral  Waters,  FormuUe  for  OflBcioal, 
Impirical  and  Dietetic  Preparatione^  with  the  Accentuation  and  Etymology  of  the  Tenus, 
and  the  French  and  other  Synonymea,  so  as  to  constitute  a  French  8«  well  as  an  Engliah 
Medical  Lericon.  Edited  hy  Richard  J.  Dunouson,  M.  D.  In  one  very  large  and 
haodaome  royal  octaTo  volume  oi  113d  pa^es.  Cloth,  $6.50;  leather,  raised  bands,  $7.50; 
very  handsome  half  Russia,  raised  hands,  $8. 


About  th*»  SrM  book  parrhaaed  by  the  medical 
student  Is  the  Medical  Dicttonary.  The  lexicon 
•zplanatory  of  technical  ternm  1h  Hlraplv  a  line  gva 
Hon.  In  a  9<;leni>A  no  eztenJtiTe  and  with  oiich  col- 
lateral* as  mpdiciue,  it  is  aa  mach  ■  o^reKiiity  also 
to  the  practlHlnjt  ptiysloisn.  To  meet  the  wants  of 
■tndente  and  tnoiit  ('hy!l(>iaoB  the  dictionary  muat 
be  ooadeniwd  while  comprnhenHiTe,  and  practical 
while  perxpicBcioiJH.  It  waa  beoao^e  DunglUion's 
met  thefte  IndlcationB  that  it  became  at  once  the 
dictlonai?  of  f;eneral  a.■^e  wherever  medicine  wju< 
ttadied  in  the  EDgtinh  laoguaiiie.    In  no  former 


paaeed  away,  probably  all  of  us  feared  le»t  the  boob 
should  not  maintain  It.*  place  In  the  adranclng 
KClence  whose  termi!  It  deflnea.  Fortunately,  Dr. 
Richard  .1.  r>ungliMOD,  haTiDgamlatad  hlatetnerln 
the  reTUinn  of  ouTeral  edition*  of  the  work,  and 
haTing  been,  therefore,  trained  In  the  methods 
and  Imbued  with  the  iiplrlt  of  the  book,  hae  been 
able  to  edit  it  an  a  work  of  the  kind  should  be 
edited — to  carry  it  on  nteadily,  without  Jar  or  intsr- 
ruptlftn,  aloiif;  the  grooves  of  ihouaht  it  has  trav- 
{  elled  during  Uj*  lifetime.  To  show  the  magnlluda 
of  the  task  which  Dr.  Dungllaon  has  aasutDed  and 


revision  have  the  a1«>rations  and  additions  been  I  carried  through.  It  is  only  neoeMiary  to  stale  that 
so  great.    The  chief  terms  have  been  s«t  in  black    more  than  six  tnousand  new  Bubjeota  hava  ba«a 


letwr,  whll<«  the  derivstiTeti  follow  in  small  caps; 
an  arrangement  which  greatly  facilitates  reference. 
—Oinrinnatj  Lnncfi  nna  Clinic,  Jan.  10,  1B71. 

A  book  of  which  erery  .American  ought  to  b« 
proud.     When  the  learned  author  of  the  work 


added  In  the  present  edition.— PAiMda^Aia  Mtdieal 
Tima,  Jnn.  8,  1A74. 

It  has  the  rare  merit  that  it  certainly  haa  no  rlnl 
In  the  English  langiiaKeforacourae7aad«xtentof 
references. — I^ndon  Mtdieal  Oai€ttt. 


HOBLYX,  MICHAJtD  D,,  M,  1>. 

A  Dictionary  of  the  Terms  UBed  in  Medicine  and  the  Collateral 
Sciences.  Revised,  with  numerous  additions,  by  Isaac  IIays,  M.  D.,  lat«  editor  of 
The  Atuerican  Journal  of  the  Medical  Sciences.  In  one  large  royal  12mo.  volume  of  520 
donble-columned  pages.    Cloth,  $1.. 50;  leather,  $2.00. 

It  in  (he  best  book  of  deflnlttons  we  have,  and  ought  always  to  b«  upon  the  student's  labia. — SouiKtm 
lUedieal  and  Surgienl  Journal. 

STUDENTS*  SBBIB8  OF  MAIWALS. 

A  Series  of  Fifteen  Manuah;,  for  llie  use  of  Students  and  Practitionere  of  Medicine 
and  Burgery,  written  by  eminent  Teachers  or  Examiners,  and  issued  in  pocket-filze 
I2nio.  volumes  of  300-^40  paK^a,  richly  illut(trate<l  and  at  a  low  price.  The  following  vol- 
umes are  now  reaily:  Trkveh'  Manual  of  Surgery,  by  various  writers,  in  three  volumes, 
each,  $2;  Bkll'h  OamaartUive  Physiology  and  Anatomy,  $2;  Gould's  Surgical  Diagnih 
tit,  $2 ;  Robektson'r  Phymological  Phyna,  $2 ;  Bbucb'b  Materia  Medico,  and  7%«n^c»- 
tiet  (4th  edition),  $1.50;  Power's  Huhkhi  Phytioioffy  (2d  edition)^  $1.50;  Clarss  aad 
Lockwood's  LHwtelorJ  ManuoJ,  $1.50;  Ralfk'b  Clinieal  Chemistry,  $1.50;  TBBVm' 
Surgiaxl  Applied  Analcmy,  $2;  Peppek'h  SwguxU  Pathology,  $2;  and  KLEDi'a  ElemaUt  vf 
Histoloify  (.3d  edition),  $1.50.  The  following  is  in  press:  Pepper's  Nomine  Mtdieme. 
For  KepHrate  notices  see  index  on  last  page. 

'series  of  clinical  manuals. 

In  aminging  fur  this  Series  it  haa  lieen  the  design  of  the  publiihers  to  provide  th* 
profesainn  with  n  oillection  uf  aiithorilntive  manugraphs  on  important  clinical  nilnecU 
ID  a  cheap  and  portnble  form.  The  volumes  will  contain  alwut  550  pagee  and  will  be 
freely  tlliislraltM!  by  t;hn>mo-litho}fra(jba  and  woodcuts.  The  following  voltunee  are 
now  ready:  Carter  &  Frost's  OphthaJmie  Sur<jery,  $2.25;  HoTCHDlSON  on  Syphili*, 
$2.25 ;  Ball  on  the  fi^rtum  nnd  Anw,  $2.25 ;  Marsh  on  the  Joints,  $2;  Owen  on  Surgioal 
Diteatet  of  Children,  $2 ;  M0RRI8  on  Surrjicnt  Di^KaMn  of  the  Kidney,  $2.25 ;  Pick  00 
Fraetxirtt  and  Ditheationt,  $2;  Butlin  on  the  T^mgtte,  $3.50;  Tretis  on  Inttttinal 
OiMruetion,  $2;  and  Savaoe  on  Fntanity  and  Allied  Neurota,  $2.     The  foUowingare  in 

f re  prepamtion :     Broadbert  on  tVke  PtiUe,  and   Lucas  on  Diieatet  of  the  Undm. 

'Bepn-mte  notices  see  index  on  last  pa((e. 
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OBAT,  HBNBY,  F.  B,  8., 

Ltcturtr  on  Anatomn)  at  St.  GeorgtU  ffonpifal,  t^mdoit. 

Anatomy,  Deacriptive  and  Surgical,  The  Drawings  by  H.  V.  Carter,  M.  D^ 
and  Dr.  We«tmacott.  The  dlBoectioDS  jointly  by  the  Acthob  and  Dr.  Carter.  With 
an  Introduction  on  General  Aoatomjand  Development  by  T,  Houtfis,  M.  A.,  Surgeon  to 
fit.  George's  Hcwnital.  Etliled  by  T.  PiCKEBlNO  PICK.,  F.  R.  C.  8.,  Surgeon  to  anti  Lecturer 
on  Anaiciniy  at  St.  George's  Hospital,  London,  Examiner  in  Anatomy,  Royal  College  of 
Burgeons  of  England.  A  new  American  from  the  eleventh  enlarged  and  Improved  London 
edition,  thoron^ly  revised  nnd  re-edited  by  Wtlli.vm  W.  Keen,  M.  D.,  Professor  of 
Anatomy  in  the  Pennsylvania  Academy  of  the  Fine  Arts,  etc.  To  which  is  added  the 
•eoood  American  <Tom  the  latest  English  edition  of  Landmarks,  Medical  and  8uroi- 
CAL,  by  Luther  Holden,  F.  R.  C.  8.  In  one  im|>erial  octavo  volume  of  1098 
pages,  with  685  large  and  elaborate  engravings  on  wood.  Price  of  edition  in  black: 
vloth,  $6;  leather,  $7;  half  Russia,  $7.50.  Price  of  edition  in  colors  (see  below): 
Cloth.  $7.25;  leather,  |8.25 ;  half  Ruiwia,  $8.75. 

'This  work  covers  a  more  extended  range  of  subjects  than  is  customary  in  the  ordinary 
text-books,  giving  not  only  the  details  necessary  for  the  student,  but  also  the  application  to 
tho«e  details  to  trie  practice  of  medicine  and  surgery.  It  thus  forms  both  a  guide  fur  the 
learner  and  an  adniirable  work  of  reference  for  the  active  practitioner.  The  engravinga 
form  a  special  feature  in  the  work,  many  of  them  being  the  Mze  of  nature,  nearly  all 
original,  and  having  the  names  of  the  various  parts  printed  on  the  botiy  of  the  cut,  in 
pliioe  of  Gguree  of  reference  with  descriptionN  at  the  foot.  In  this  edition  a  new  de])arture 
naa  been  taken  by  the  issue  of  the  work  with  the  arteries,  veins  and  nerves  distinguished 
by  difierent  colors.  The  engravings  thus  form  a  complete  and  splendid  series,  which  will 
greatly  uaist  the  student  in  forming  u  clear  idea  of  Anatomy,  and  will  also  serve  to  refresh 
the  memory  of  lh<»e  who  may  find  in  the  exigencies  of  practice  the  necessity  of  recall- 
ing the  details  of  the  dis.<«ecting-room.  Combining,  as  it  does,  a  complete  Atltta  of 
Anatomy  with  a  thorough  treatise  on  systematic,  descriptive  and  applied  Anatomy, 
the  work  will  be  found  of  great  service  to  alt  physicians  who  receive  students  in  their 
offices,  relieving  both  preceptor  and  pupil  of  much  labor  in  laying  the  groundwork  of  a 
thorough  medical  education. 

For  the  oonveuieace  of  those  who  prefer  not  to  pay  the  slight  increase  in  cost  neoesti- 
tated  by  the  use  of  colore,  the  volume  is  publishetl  also  in  black  alone,  and  maintained 
in  this  style  at  the  price  of  former  editions,  notwithstanding  the  largely  increased  size  of 
the  work. 

Landmarks,  Mrdicai  ami  Surgicai,  by  the  distinguished  Anatomist,  Mr.  Luther  Ilolden, 
has  been  ap}>eniletl  to  the  present  etlition  as  it  was  to  the  previous  one.  This  work  gives 
in  a  clear,  condenseti  ami  sj-stematic  way  all  the  information  by  which  the  practitioner  can 
determine  from  the  external  surface  of  the  body  the  position  of  internal  parts.  Thus 
ooroplete,  the  work  will  fixrnish  all  the  assistance  that  can  be  rendered  by  type  and 
illustration  in  anatomical  study. 

The  tnMt  populkT  work  on  anatomy  «ver  written.  I  bookfi.    The  work  is  published  with   hlook  and 
It  id  sufflcieut  to  nay  of  it  that  thin  edition,  Chaiikii  I  colorod  plates.     It  1h  a  marvel  of  book-makinK. — 
to  Its   American  editor,  purpso-tos  all  other   (<di-  i  Ai»t'\rai\  f^actilion  r  nnd  Ntusi,  Jan.  21,  IS88. 
tIon>i. — Jijur.  itf  the  Amer.  .Vei,  Au'n,  U»c.  31,  ISK7.  |      (iray'«  AnatAmi/  i^  the  most  magDmcent  work 

A  work  which  for  more  than  iwonty  yean*  hn.«  I  upon  aDBComy  which  haa  ever  be«n  piihlished  In 
bad  the  load  of  all  other  text-books  on  anatoaiy  i  the  English  or  auy  other  language.— CV'K^tnnati 
throughout  the  <'lviliit»J  world  comes  to  hand  in     Meiiitnl  Nan,  Nov  1887. 

■ueli  nt-aiUy  of  vici'iuion  and  atwuracy  of  text  |  Ar  (he  book  now  tCO«i<  to  (be  purchaser  be  fa  re- 
And  illii><triitlon  aa  more  than  to  make  i;ood  the  |  oeirinKtbe  lx>f>t  work  on  anatomy  that  i.s  published 
large  promJHe  of  tlin  pronpentiiii.  it  would  he  in-  laany  lanK»aKe. —  Vt-ruintn  Afivl.  hfunthtv,  Deo.  UMT. 
deed  dinicult  t^  namA  a  feature  wherein  the  prt-A-  j  Uray's  eiandard  Annliwn/  liaa  lieeu  and  will  be 
•nt  Amerioan  edition  of  (rrny  roul>l  Ym  mended  i  for  yearn  (A«  leit-hnok  for  sdidenu  The  book 
or  bettered,  and  it  needt  no  pnipb^t  to  i«ee  that  needn  only  to  be  examined  to  be  perfectly  under- 
•the  royal  work  la  destined  for  many  year*  tfl  nome  noad.—  Meiltenl  Presi  >/  Wextem  Aeiv  y'ork,  JtiO. 
to  hold   the  Qrst  place  among  auntomical  text-    ISS8. 


Also  roB  balb  skparatb — 
HOLDER,  LUTHER f  F.  R.  C.  «., 

Surgton  tv  St.  BnTthuUnneic's  arid  tht  Foundling  Huopttalt,  London. 

Landmarks,  Medical  and  Siirgical.  Second  American  from  the  latest  revised 
English  etlition,  with  additions  by  W.  Vi.  Keen,  M.  D.,  Pnjfessor  of  Artistic  Anatomy  in 
•the  Pennsylvania  Academy  of  the  Fine  Arts,  formerly  Lecturer  on  Anatomy  in  the  Phila- 
delphia Sch(x>l  of  Aiiatoiuy.     In  one  handsome  12mo.  volume  of  148  pages.     Cloth,  $1.00. 


This  little  book  1b  all  that  nan  be  denlred  within 
(te  »cope,  aod  Its  contents  will  b«  found  Nimply  In- 
valuable (o  the  young  surgeon  or  physician,  ninc^e 
they  bring  before  him  Huon  data  an  ne  r«<)uire«  at 
'«very  examination  of  a  patient  It  is  written  In 
Uingoage  ao  clear  and  conci«e  that  one  ought 
•Imoal  to  learn  it  by  heart.  It  teaches  diagnosis  by 
•sternal  examination,  ocular  and  palpable,  of  the 
body,  with  such  anatomical  and  physiological  facte 
as  afrectly  bear  on  the  subject,  ft  Is  eminently 
the  etudenl's  and  young  pnuMitlooer's  book. — fhy- 
tieinn  nnd  Sm-qenn,  No».  1881. 

The  study  of  these  Landmarks  by  both  phyi>t- 


ciauH  and  surireona  Is  much  to  be  encouraged.  It 
inevitably  lead^  to  a  progrcsnlve  education  of  both 
the  eye  and  (lie  togich,  by  which  the  recognition  of 
diMaae  or  the  local ixatlon  of  injuries  Is  vaittly  as- 
Risted.  One  thoroughly  familiar  with  (hefactMhere 
taught  U  capable  of  a  degree  of  accuracy  and  a 
conDdenoe  of  certaincy  which  l»  otherwiHc  unat- 
tainable. Wh  cordially  recommend  tht'  Landmarks 
to  the  attention  of  every  phyHl(?ian  who  haa  not 
yet  proTidpd  himself  with  a  copy  of  this  ueeful. 
practical  euldc  to  the  correct  jflacing  of  all  lli<» 
anatomir'al  parts  and  organs. — Cnnnda  htMtmla  .ti 
Surgteal  Journal,  Deo.  ISHl. 


ALLENf  HARRISON,  M.  2>., 

Profti»OT  oj  Phtifiotvgti  in  Iht  Vntvernty  of  Pmngidvnniti. 

A  System  of  Hxunan  Anatomy,  Including  Its  Medioml  and 

Helations.     For  the  use  of  Prnctitionera  and  StiideaU  of  Medtcioe.    Wi(b  M 
diicUiry    Setti'in  on  Histology.     By  E.   O.  Shakespeakk,     M.   D^    Oph 
the  Philadelphia    Hoepitid.      ComprisinK  S13   doiible-coluiuned    qumrto  |Mi^  I 
UlastrntionH  on  109  full  [tage  lithographic  plates,  many  of  which  «re  to  <«rHi 
engniTingB  in  the  text.     In  bIji  Sections,   each  in  a   portfolio.      Sedioo  L  flfl 
Section  fl.    BoNES  akd   Joehts.     Section  III.    Mt?B(.'L.£S    AHD    FxactM.    iiam\ 
Abtkries,  Veiss   akd    Lymphatics.     Section   V.    NKRVora   Stbtrm. 
Organs    of  Sensb,  of  Digestiok    and   GiafiTO-URiKARY    Oboam^ 
Dbvki,opmemt,  Tbhatolooy,  Superficial  Anatoscy,  Post-Mortxm  Bzai 
AKD  General   and  Cunical  Indexes.    Price  per  Section,  $3^;  abo  ht 
▼olume,  cloth,  f 23.00 ;  very  handsome  half  Riieeia,  raised  bands  and  Ofxa  bdk,Vff 
For  Ktlt  by  nJ)feription  rmly.     Api>ly  to  the,  Puhluhtra. 

It  Is  to  be  considered  «  study  of  applied  luiklcray  I  c*T«,  ftod  are  nlmply  ouperb.  Tbcn  liaia 
tn  lt«  wldeot  »eDi»e^k  *yRtemetlc  prejiontatloD  of  '  of  practical  applic^allon  of  uuiiniBkat  aMtt 
•oeh  •nklnmloftl  f»ct«  aa  cad  be  applied  to  th«  the  every-daj  want*  of  the  madlHl  mtm» 
practico  of  medicine  an  well  as  of  iturgery.  Our  '  to  those  of  Ui«>  operaUnc  mumum,  tl  tt^tl 
author  is  conclne,  aocnrale  and  practical  Id  bin  ceoeral  practitinnr-rR  will  rc^tbi ««l <■■• 
■tatementa,  and  Bucceedi>  admirably  in  Infusing  feeling  of  »ij[. 
an  Intereet  Into  the  ntudrof  what  Is  generally  con-  Dolnt.«,  concer 
■idered  a  dry  nuhjert.  The  department  of  BiNtol-  thought  hefort- 
o|7  <■  treated  In  a  maf<leriy  manner,  and  the  l  sideration.  It  i- 
KTODud  is  traTelletl  over  hy  one  thnrniighly  taaiU-  the  be!«l  of  Ite  kind  tn  aiiT 
lar  with  It.    The  tlluiitrBtlonf>  are  madewitn  great  |  Record,  Nor.  S5, 1882. 
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CLARKE,  W,  B.,  F.R,C.8.  &  LOCMWOOi:),C.  B., F.l 

DcmonMirat4)rt  of  Anatomy  at  St.  Bartholomme't  Bonpital  MedUMi  Sehoot,  {ai^m 

^  The  Dissector's  Manual.     In  one  pocket-eize  12ino.  volume  nf  398  p 
49  illufltralioDS.     Limp  doth,  red  edges,  $1.50.    See  Studenle'  Serits  of  ifoMO^ 
Me«ar«.01arke  and  Lockwood  have  written  abook  '  Inllmate    asiw-fatlon    with    Madesto  « 
that  can  hardly  be  rivalled  aH  a  pradtral  aid  lo  the    Riven.     W'-^      -     '     -■._:'     .>ihKaei 
dissector.    Thoir  purpose, which   In  "how  to  de-    by»o  alt  ,  mTivm 

tcribe  the  best   way  1o  dixptay  the   anatomical    Applied  ..  ->,  b«  Mai 

etracture,"  haa  been  fully  attained.  Thi^yexcelln  fail  to  b«<  .j>."r-,,.  y  nu,j  ni>«(.'ruiQ|rl)r  l*t*(* 
a  lacldlty  of  demonstration  and  graphic  teri>nneftft  sindy  of  abatoniy. — A'tm  Ori^ut*  JMai 
of  ezpres)t|on,   which  only  a  lung  training  and    fficalJounmL,  April,  ISO. 


IB* 


TREVJES,  FREDERICK,  E,  R,  C.  8., 

Seninr  DanonttratoT  of  Anatomy  and  Auutant  Surgion  at  fAe  Ltmdom  . 

Surgical  Applied  Anatomy.    In  one  pocket-aiz«  12nio.  toIhim  of  &W|i^  j 
with   61    ilhutratinnB.    Limp  cloth,  red  edges,  $2.00.    See  StutUnt^  Stria  tf 
page  4. 

ak  tiraate**^ i 


He  has  produced  a  work  which  will  command  a  j  This  r 
iTRer  circle  of  readers  than  the  class  for  which  It  '  mc>«t  c-\ 
'was  written.  Thl«Hnlr.n  of  a  tlmrmi^h,  practical 
acaiiaintance  with  theHe  fuu'laniental  branches, 
quickened  by  dally  umi  a«  a  u-aclier  and  praci|. 
tloner,  ha«  enabled  our  author  to  prepare  a  work 
which  it  would  be  a  miwl  diflicutt  Last  to  excel.— 
Tht  Amrriean  Praclitmntr,  Feb.  IBM. 


It 
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The  book  i*  }r  fyf 

will  also  lH>  of  Ki  ,        'itfcueta. 

trntions  are  welt  L'Xet'<4lf<r  aiiU  ^it^y  «* 
t*xL— S- nit  her  tt  fSartttwat  rr,  F^li.,  uMl 
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BELLAMY,  EDWARD,  F,  R.  C.  8,, 

Stnior  Atnutant-Surgeon  to  tht  Clutring-Orou  Bofjntnl,  London^ 

The  Student's  Guide  to  Surgical  Anatomy:   Being  a  Daai|«ka«fi(] 
moat  Important  Burgiral  Keginnb  o(  the  lliinian  Botly,  and  intended  a«  an  luliulartiafc 
operatiTe  Svirgery.    In  one  l^nio.  roliime  of  300  pogeH,  with  50  illuatraUuta,    CMk,!!^ 

WILSON,  ERASMUS,  F,  R,  8, 

A  System  of  Human  Anatomy,  General  and  Speci^L     Edited 
Qobrec;ht,  M.  D.,  Profejwor  of  CJenernl  and  Surgical  Anatomy  in  the  Medical 
Ohio.     In  one  large  and  handsome  octavo  volume  of  616  pages,  with  397 
Cloth,  14.00;  leather,  $5.00. 

CLELAND,  JOHN,  M.  D.,  F,  R.  S,, 

ProfenoT  of  Anattymy  and  Phuiwlogy  in  Quttn'$  CbtUgt,  Oafirrty. 

A  Directory  for  the  Dissection  of  the  Human  Body,     ti 

volume  of  178  pagea.     Cloth,  $1.25. 


HARTSHnBNE'9  HANDBOOK  OF  ANATOMY 
AND  rHYSlOI.OGY.  Second  edition,  revised. 
In  one  royal  I'/nio.  volume  of  310  pages,  with  230 
woodcniA.    Cloth,  fLli., 


HORNERP  SPKriAl,  AN ATOMT  A51) : 

modified.     I  niWfrfWtr- 

wlih  sao  wo<.'.  ,q^ 


Lba  Brothbrs  &  Co. '8  PuBUOATiONS — Pky8ic8,  Pbysiol.,  Auat. 


JDBAPERt  JOHN  C,  M,  !>.,  LL.  2>., 

pTofmm  of  Chetnutry  in  tht  Omvtrnty  of  the  Citij  o/  Ifac  York. 

Medical  Physics.     A  Text-bonk  for  Students  and  Practitiuners  of  Medicine, 
one  octaro  volume  of  734  pages,  with  376  wwKlcuts,  mostly  originaL  Cloth,  $4. 

PROM  THE  PRBPACE. 

The  fact  that  a  knowlnlge  of  PhysicB  is  indiiipensable  to  a  thorough  understanding  of 
Medicixie  haa  not  been  ts  fully  realized  in  this  country  aa  in  Europe,  where  the  adminu>le 
works  of  Desplats  and  <!rariel,  of  Robertaon  and  of  numerous  German  writers  constitute  a 
branch  of  educational  literature  to  which  we  can  show  no  parallel.  A  full  appreciation 
of  this  the  author  trusts  will  be  sufficient  justification  for  placing  in  book  form  the  sub- 
stance of  his  lecttirea  on  this  department  of  science,  delivered  during  many  years  at  the 
University  of  the  Oty  of  New  York. 

Broadly  apeakiux^.  this  work  aims  to  lm|>art  a  knowledge  of  the  relations  existing 
between  Phrsics  and  Medicine  in  their  latest  state  of  development,  and  to  embody  in  the 
puniuit  of  tills  object  whatever  experience  the  author  has  gained  during  a  long  period  of 
teaching  this  special  branch  of  applied  science. 

This  eleRant  and  iigefbl  work  bears  ample  testl-  |  explained,  acoaattoa,  optica,  heat,  electricity  an4 
■aooy  to  the  learniog  and  good  JiidKmeut  of  the  ,  maKnetlsro,  closing  with  a  secilon  on  eleetro- 
anttior.  He  has  fitt«d  h In  work  admirably  to  the  |  biology.  The  applications  ofallcheoe  to  physloloKy 
•xlaenclea  of  the  sttiiatlun  by  presenting  the  and  medicine  are  kept  oonnCantly  in  view.  The 
reader  with  brier,  clear  and  »impto  statementfi  of   t«xt  In  amply  Illustrated  and  the  many  dlificalt 


such  propositions  as  be  Is  by  necessity  required  to 
master.  The  subiect  matter  Is  well  arranmod, 
llb«rally  llUistratea  and  carefully  indexed.  That 
it  will  take  rank  at  once  among  the  text-books  is 
certain,  and  it  is  to  be  hoped  tliat  It  will  find  a 
place  U|K>n  the  *hoir  of  the  practical  physician, 
where,  aa  a  book  of  reference,  it  will  be  found 
Qwefat  and  agreeable. — LouimilU  Medical  ^Vmct, 
September  as,  isas. 

Certainly  we  have  no  text-book  as  fkiH  as  the  ex- 
cellent one  he  has  prepared.  It  begins  with  a 
■tutetnent  of  the  properties  of  matter  and  eoerity. 
After  these  the  special  departments  of  physios  are 


points  of  the  subject  are  brought  forward  with  re- 
markable olearnriBB  and  ability. — Medical  and  Sury- 
unl  Rejiitrter,  July  IB,  1885. 

That  thin  work  will  greatly  faollilate  the  study 
of  medical  physics  is  apparent  upon  even  a  mere 
cursory  examluation.  it  is  raarkfld  by  that  sclen- 
tidc  accuracy  whicli  alwavs  characterises  Dr. 
Draper's  writings.  Its  peculiar  value  Ilea  in  the 
fact  that  it  la  written  from  the  standpoint  of  the 
medical  man.  Hence  much  Is  omitted  that  ap- 
pears in  a  mere  ti'oatise  on  physical  science,  while 
much  Is  inserted  nf  peculiar  value  to  the  pbyai- 
clan.— ivr<(ii«il  RtcoTi,  August  32, 188& 


ROBEUTSON,  J.  McGREGOB,  M,  A,,  M.  B., 

Muirhecd  Detnonetrator  of  PhytitAogu,  Oniver$ity  0/  Olatgov. 

Physiological  Physics.    In  one  12mo.  volume  of  537  pages,  with  219  illustra- 
tions.    Limp  cloth,  $2.00.     See  StwlentJ  Series  of  ManuaU,  page  4. 


The  title  of  this  work  snfllcleotly  explains  the 
nature  of  Its  contents.  It  is  designed  as  a  man- 
ual for  the  student  of  medicine,  an  auxiliary  to 
his  text- book  in  physiology,  and  it  would  be  particu- 
larly useful  as  a  guide  to  hli  laboratory  experi- 


ments. It  will  be  found  of  great  value  to  tha 
practitioner.  It  is  a  carefully  prepared  book  of 
reference,  conctne  and  accurate,  and  as  such  w* 
heartily  recommend  it. — Journal  of  ttu  Amanean 
MmiieeU  Auaeiatvm,  Dec.  6.  IB84. 


D ALTON,  JOHN  C,  M,  2>., 

ProfesMor  Smeriiut  of  Phyiiologj/  in  ih*  QtlUgt  of  Phyiieiana  and  Surgeanji,  A'«ic  York. 

Doctrines  of  the  Circulation  of  the  Blood.  A  History  of  Physiological 
Opinion  and  Discovery  in  reganl  to  the  Circulation  of  the  Blood.  In  one  handsome 
12mo.  volume  of  293  pages.     Cloth,  $2. 

Pr.  Dalton's  work  is  the  fruit  of  thwdt-eprnsRarch    revoliitinniaed  the  theories  of  teachers,  than  the 
of  a  cultured  mind,  nod  to  the  bu-</  praolltinncr  It    dlicorery  of  the  circulHlion  of  the  blood.    This 


eannol  fall  to  be  a  source  of  inslriiotion.  it  will 
Inspire  him  with  a  feeling  of  xrutidide  and  admir- 
ation for  Utose  plodding  workerx  of  r)lden  times, 
who  laid  the  foundation  of  the  ma);nlficent  temple 
of  medical  science  a'  it  now  standi. —  Xev?  Ortenn* 
Medical  and  Surgtcal  Journal,  Aug.  1RH.V 


explain-)  the  extraordinary  interest  it  had  to  all 
roedicnl  historians.  The  volume  (wfore  us  is  one 
of  three  or  four  which  have  been  written  within  a 
few  yenni  by  American  physicians.  It  is  in  several 
respects  the  mcwt  complete,  Thn  volume,  though 
small  In  «iiie,  is  one  of  the  most  creditable  oon- 
in  the  progress  of  physiological  study  no  fact  tribulionofroman  American  pen  to  medical  historr 
wa#  of   greater  moment,  none  more  completely  i  that  hae  appeared. — Med.  tt  Surg.  Rep,,  V«<i.t,l8>i, 

BELL.  F,  JEFFRETrM,A^, 

Profeuor  of  Cumparntivt  Anatomy  nt  King'i  College,  London, 

Oomparative  Physiology  and  Anatomy.  In  one  12mo.  volume  of  561  pages, 
with  229  illustrations.  Limp  cloth,  $2.00.    See  Student^  ScHm  of  JKannaU^  pt^  ^ 

The  manual  in  preSmlnently  a  student's  book — ,  it  the  beat  work  in  existence  In  the  Enellata 
clear  and  simple  iu  language  and  arrangement,  language  to  place  In  the  haoda  of  the  mealeal 
It  is  well  and  abundaotly  IDuatntted,  and  is  read-  student — BritbU  Medieo-Chirurj/ieal  Journal,  Mar., 
able  and  Interestlag.    On  the  whole  wo  consider    1S86. 

ELLIS,  GEORGE  VINER, 

Emrritui  Proftntor  of  Anatomy  in   Univerifity  OoUegt,  London. 

Demonstrations  of  Anatomy.  Being  a  Guide  to  the  Knowledge  of  the 
Unman  Body  by  DLsseetion.  From  the  eighth  and  revised  London  edition.  In  one  very 
handsome  octavo  volume  of  716  {uiges,  with  249  illustrationa.   Cloth,  $4.25;  leather,  $5.25. 

ROBERTS,  JOHN  B.,  aTm.,  JtfTxJ., 

Prof,  of  Applietl  Aiutt.  and  Oper.  Surg,  in  Phtla.  PotytUnie  and  OoU.  for  OradnalM  In  ifiMUeiM, 
The  Compend  of  Anatomy.     For  use  in  the  disaecling-room  and  m  ^t«.i{aarv»!^ 
for  examinations.     In  one  IGmo.  volume  of  196  pages.    lAn\v  cVvv.Vi,~k^i  c<tvv\A. 


8       Lka  Bhotbbrs  k  Co.'s  Publications — PhyMiologry,  Cheniito;. 


CHAPMAN,  HENRY  C,  M.  /)., 

Prnfetunr  nf  Ii\$litut'»  of  MfUcinf  nibi  MixtUaC  Juri*.  U»  |Jk«  •T^crmM*  U^i-  CUL^fMi^ 

A  Treatise  on  Human  PhysioloRy.      In  one  hMtiilaoaie  ocUto  ««iai< 

925  pag€S,  with  605  fine  engravings.     Cio(L,  $o.50;  leather,  $6..S0. 


It  represcDtp  vnry  fn!ty   the  rii'flnK  »t»l«  of    (arllier, and  ihe  l«it«"r  wiJl  tio4 


phy»ioloisy.    Tfi'-  •  l»l  vhIiip  ,  fnfilructfon    In  irn 

to  the  Dtudent  hi  wd  more     Xorth  CaroUrm  M. 

to  the  practical   „  ,  >mj  Iruthi)        _. 

which   tho   aavar i  -•icn..-   rm-   );iv(>ii  to  the      ,   h"  ''■''      ■"" 

profe«ilon  In  thi>-  ilppirlnient,  which  mny  be  con-  I  ?  ,5"' 
•Idervdlhe  frsiiiidiittoiii'if  r*(fotiiLl  nin<liciri«.— fij«/-  i  by  the  ; 
/iito  Me<1irnl-n.i.^a<fH(nl  Jo»mii,  |iw.18h7  1  '*V""  "•,  •  ' 

MitteiH  which  hove  a  pr»ctic«l  b«iir1nf;  on  the  |  *''>*'»^J'k  i-  i' 
prnctlc*  of  meiil(!iTiP  lire  fuoldly  expressed;  t^ch-  j"*'"  ou^fr  « 
nlcal  multer!'  are  n<ven  in  nnuute  dntull;  elabo-  w  j ''  f^"  *'' 
r»te  dlrn-lintiH  ure  HtMed  for  llie  guidnnce  of  siu-  •""•'«"'  '*9'. 
d«nts  Id  thn  InhoniK^iry.  Iti  i>very  reiip«ct  the  i  ltiJ«th«>pr. 
work  flilfilN  IL'«  prninlKt<,  whether  hk  s  (;<>mpl<>t«  hln  work,  an  i 
tTeBtipe  for  the  atuilent  or  for  the  phyglcian ;  for  i  thusiastn  a): , 
the  fortoef  it  1*  bo  complete  that  he  need  look  no  I  and  A'«r«,  N,  . 


HMpltii  •ludreai  vnr  • 
.tn.  —  Anmvmt  f^m^  ^ 


DALTON,  JOHN  C,  M.  J)., 

ProfoioT  of  rhiitiulmjy  in  tht  CoUttft  of  Phymtian*  and  Surf^om*^  iVw    }'«rft,  i 

A  Treatise  on  Human  Physiology.     Designed  fur  the  iim  of  I 

Practitioners  of  Medicine.  Seventh  e»lilion,  ihoroughly  revieed  and  revritlMk 
veij  hnndsonie  octAvo  volume  of  722  }wge8,  with  2^2  WeHutiful  enj;r»Tin^  tm  wai. 
$5.00;  leather,  f<).00;  very  hanilsonie  half  Riiwia,  mised  banc1«i,f*J. ISO.  * 

From  (he   flrnt  appearance  of  the  book    It  has  {  have  Qerer  be^n  •uM  M  t)  I 

been  a  faTorite,  owing  an    well   to   the   author's  |  worth.— A^  T.  it<-'  ■'ii^OetUM 

r«Down  Ml  an  oral  teacher  as   to    the  charm   ofi      Profewor  Iiaitt'i  ri/wa  i*4  C_ 

lilmpllciiy  with    which,  a.-*    n  writer,    he  alwayi*    appreciated   work    ha.-    Iuqk  rTrril  tWi 
inveKtIng    eTen  Intricate   subjects,    which  it  could   be  reTicwedio  lh«  4    " 


BUcceedH 

It  must  be  gnjtlfying  to  him  to  observe  the  fre 
qoency  wilh  which  liti>  work,  written  for  .«tiideDt« 
and  piaotltinnerti,  Iji  qiaoted  by  other  writ't-rH  on 
physiology.  This  tact  atte.^t^  its  value,  and,  in 
great  measure,  it.p  originality.  It  now  needs  no 
inch  Bftal  of  approbation,  however,  for  ihe  thoo- 
■and*  who  have  htudied  it  In  Ita  Tarloaji  edition* 


The  work  i-  •?rriinently  one  for  Iba 

tltlonfi  ^naU  moet  ful>7  of  I 

of  phy  .h  hare  a  direct  1 

dlagno  ume'nt  of  die 

one  which  we  cmn  highly  r«eo<nnic»t  i 
readers.— OtMin  Jcmmal  of  it«d»tal  T 


FOSTER,  MICHAEL,  M,  !>.,  E.  B,  8,, 

Preltcinr  in  Ph<ifinlotjy  and  Felltur  of  THnity  Oolltge,  Oamhridy^  Br^glanid. 

Text- Book  of  Physiology.  New  (fourth)  American  fitnn  Uie  fifth  i 
English  edition,  with  not<»  and  udditions  hy  E.  T.  Reichkbt,  M.  D^  Prof. 
ology  in  Univ.  of  Penna.     Preparing. 

A  REVIEW  OF   THE  FIFTH   ENGLISH   EDITION   IS   APPENDED. 

It  Is  delielitfiit  to  me«tat)ook  which  dencrveei  ltion.«,  and  bi»  energies  are  not  fHu»f«d  i 
only  unqualifiod  praiic.    Such  a  book  i^'now^K'fore  i  degoneraiod  on  p^ixy  and  trirlat  <Vtalla 
us.    It  i.a  in  all  respects  an  Ideal  t«xt-t)Ook.    With  a    Ing  Ihi^ 


i:oraplete,  accurate  anil  detailed  knowledge  of  his 
subject,  the  author  has  succeeded  In  giving  a 
thoroughly  consecutive  and  philowophic  account 
of  the  aeleiiee.  A  fludent'*  attention  )n  kept 
throughout  fixed  on  the  great  and  salient  ques. 


ing  thiit 

of  phy-. 

Is  proba  i...   .  .i    -,,;   i,  ^.  . 

— Kduitnntjh  MtJvcai  Jv»m  nni,  . 


It  has  been  the  aim  of  the  Author  to  profmnt  a  work  o! 
advantage  as  a  text-book  by  beginners,  nnd  which,  nt  the  - 
medical  and  pharmaceutical  student.    While  the  general  < 
as  that  of  the  first,  many  {Changes  and  numerous  additiont^  hn^  • 
Ing  the  work  more  complete  and  usefiil.    For  the  special  benet 
dents  all  c.hemioals  mentioned  in  the  United  S1at<»  Phikrmiro(MT 
interest,  are  fully  concidured.    Having  frequei 
becoming  familiar  with  iht'  variously  nhade'. 
decided  t<- Illustrate  the  work  with  a  number  <! 

Wohler's  Outlines  of  Organic  Chemistry, 
by  Ira  Remskn,  ^I.  I).,  Ph,  D.     In  one  12ino.  v-ium''  ><f  ■ 

LEHM ANN'S  MANUAL  OF  C H EM ICA L^HyS  ~ 
ID  LOGY.     In  one  oclavo  icAuTn«  ot  ?an  ^a%«*., 
with  41  inuHtratiora.    CAotX^,*!.-!!!. 


POWER,  HENRY,  M,  B.,  E.  R.  C.  8., 

jEraimn«r  in  Phyiiol^gy,  Rof/<U  CbUtgi  of  Swgaom  of  England. 
Human  Physiology.    (Second  e<iition.     In  one  handaaow  nodcci4iMtJ 
tune  of  396  pp.,  «-ith  47  ilhiatrations.    Cloth,  f  1.50.    See  SturfcwH'  Stria  af^ 

SIMON,  W„  Ph.  J>.,  M.  n., 

Proft$$or  of  C3i«mv$trv  and  Twntoiogy  in  (As  CbtiMt  of  Phffmtiant  aiMi 
ProftMvr  of  Chetiiulry  m  the  Maryland  CblUg*  of  ritormaff/. 

Manual  of  Chemistry.   A  Guide  to  Lectures  and  Laboratory  wnric  lor  i 
in  Chemistry.     A  Text-book,  specially  adapted  for  Students  of  Pbamutc^ 
N«w  (8e«>n^)  edition.     In  one  8vo.  vol.  of  478  pp.,  with  44  woodcuts  mod  7 
iUustrating  56  of  the  niotst  important  chemical  tests.     Ju»t  ready,     doth,  $3^1&. 

FROM  THE  PREFACE. 


I 
I 


I 


Lka  Bbotheks  &  Ool's  Pt'BucATiDsw— Oiemlstrr.  i 


of  Chmmatry  tn  O*  Normml  SMoot 
0/  SM«n«.  Z««iAm. 


AtaiaLP*^.^ 


laorganio  Chemistry.    In  on«  luind«i>m«  ucuto  toIiub*  of  977  paces  with  il 

Icuts  *ad  2  plates.     Cloth,  $3.75 ;  leatlier,  $4.76. 

••  v<u  M*  kU  «•  mk%  to 
■ry  bwt  «■  llM  aoMM*  «f 

tk*T«    bM«   MlMik    fJ«M*d 


TUi  work  should  auMrMde  other  work*  of  ita 
Is  Um  in»di4!*loolleg«».    Ui«  iMsrteiolr 
■  ■  ■  ■        ■  Uh 


>lleg«».  Ui«iM!rt»iolv'l)«tt«r 
IthaDmny  workoponahemiftty.wUli  which 
••'an  *em»li»«A,  to  Impvt  thkt  clear  and  full 
kaoviedfls  oftbe  teienoe  which  i>iu4ent«  ofmvd- 
l«tM  •boald  har*.  Pbx»iciaa«  who  f««l  that  the!  r 
«fa«mleMl  knewlMijia  U  behind  the  tltneo,  would 
d»  ««U  to  devote  tome  of  their  lebnre  time  to  the 
•ladT  ef  ihU  work.  The  deeeriptlon*  *nd  demon- 
ttmnim*  are  mede  k>  pljUn  that  there  ia  no  dllB- 
«aitr  Ib  nnderetandiiig  them.— Cfitcinnalt  Jftdttvl 


ThU  asoeUeni  irettUae  w<U  m*  kU  «•  take  to 
l>ta<!e  aa  on*  of  the  rerv  bM  «■  Um  a«M»c«  «f 
whloh  It  traetJk  We  hav' 
with  the   eoatprrheMlT* 

whioh  the  dtlHeuUi**  of  eliw»lM> 

oomenoiBiure  hate  bee«  <4«m««  ••  hy  lh»«rMM». 
It   ahowv   on   t*«7  Mr*   tMI  UM  inMa«  tt 
rondertng  the  oIm^wIiIm  »f  Uila 
of  oomprahMkatM  hta  lo««  w»4 

the  «MMli«*  el  Um  Mtli^ 
a^iernr.  Oolabwai.  MM. 


rOWTTES,  GEORGE,  Ph,  D. 

A  Manual  of  Elemental^  Chemistry;    Th«ami<ml  mmI  P»«c«kaL    ]&■• 

bodriug  Watt«'  Pkytieal  Inoryanic  ChemislTy.  New  AnMriOHl,  from  th*  twdifth  KimK»h 
edition.  Id  one  large  roral  l^ma  volume  of  1061  pHgM,  with  16S  illuatntioot  oo  wood 
■od  a  colored  plate.     Cloth,  92.76 ;  leather,  t&.SA, 

/bwM**  Ck«miMfty  haa    been    a  ittandard  text-  {  ohemtatr^  e stent.— ClnMaMMi  tjukml  Hmm^  0*> 
book  opon  chemlatty  for  many  yearv.     Uf  merlin 
are  veiV  fullv  known  by  chemi»t«  and  phyiiii'lan* 
•rerywnere  in  thN  country  and  in  Kn^Und.     As 
the  science  h»»  adranood  by  iho  maki'ig  uf  ne«r 
dUeoTerle*.  the  work  h%*  been   re?i«eii  m  n'  lo 
keep  it  abreast  of  the   times.      It   lias  <•'' 
naintatned  itn  position  nn  a  test  bmok  witli 
eal stodentfl.    Iti  thUwnrk  are  ireai'Od  ^llly 
Licht  and  Eteotricitr,  lucliidlae  Magn.  - 
lnftt«noe  exert(>d    by  ihaae   loroei  t 
actioQupon  health  and  dis«a*e,eto.,  l- 
Important  kind,  and  should  b«  (kmllmr  t>> 
fneaical   practitioner.     We   can    iv^cnmnn 
work  a;*  one  of  the    rery  best  teiti-liuiiU.t 


tober,  ISlA. 

Of  ell  <h<i  «».>rk.  OH  rhemtat(7  IhImi4*4  tit  lb* 
ua<i     <         "     '  KVMn»ea'  Ckmmttn  )m 

)>««*'  ■»^   ItayoMlaHqrta 


(he 
iH>on 


OJMlAtwirKiU  XiH 


.  .iy» 

•  nltMf 


ATTFIELD,  JOHJV,  P/j.  2>., 

Praftaar  of  t^netiml  Chtmitlrv  fo  lAe  /*ar«ini«eiMmn  .srjciMy  ut  t#n.ii  finintu,  *<e. 

Chemistry,  General,  MedioAl  and  Ph«rm*oeutloal;  Including  the  Chem- 
totry  of  the  D.  S.  Phiirmaonx^ia.  A  Manual  of  the  General  Prinriplcs  of  the  SdeDOe, 
and  their  Application  to  Me<licine  aiul  i'hiirmiioy.  \  new  .\mcrii.-an,  frotti  the  tenth 
EInglifih  edition,  specially  reviseil  by  the  Author  lor  Aincrii^ii.  In  one  hamlaonie  royal 
12mo.  volume  of  728  pages,  with  87  ilhiRtrDtioiu.     I'lotli,  |2.JV0  ;  lenther,  $.3.00. 


jmges, 

It  U  a  book  on  which  too  mneh  pralm  cannot  be 
beatowed.  Aa  a  text-book  for  medical  nohool*  it 
la  oaanrpaaaabl*  in  the  preaeat  nute  of  ctioiulcal 
a<Menee,  and  having  bean  prepared  witli  n  ii)M>clal 
Tiew  towards  medicine  and  pharraaov,  it  l»allk» 
ladlapensable  to  all  persona  enicued  la  tho»e  de- 
partments of  science,  ll  Includes  the  whole 
chemistry  of  thelaat  Pharmaeopoila.— f^r»rt.|te  Jfid*.  to  1 
tal  and  Airytoa*  JotmuU,  Jan.  18M.  ela; 

A  text-book  whloh  paasea  thronijh  ten  editions  I  imi, 


In  ultloeu  ypant  muHl   hare    Rood    qualities.     It 

oeenn*    dealnthln  In  point   nut   that  fnMUre  of  the 

book   whl<^'>.  In  all   probablllly,  lian  maide  it  ao 

opiiliir      Tlii'i.>  ■HI)  I'.t  liillr  doiiht  that  It  1*  lt<i 


belli 


••t«>r    the   expr^fwlon 

In*  author  under- 

vht  to  learn,  and  I*  abia 

.  the  BtudADl's  place  and  toappre- 

r  mind.— jttnertMn  C'Mm^eal  Jomt* 


BLOXAM,  CHARLES  i., 

ProfMwr  of  Otemittry  in  King't  OotUgt,  londoa. 

Chemistry.  Inorganic  and  Organio.  New  American  from  the  fifth  Lod- 
don  eilition,  thomuKlilv  revise<l  and  much  iraprovwl.  In  one  very  handsome  ooUiTO 
▼oJome  of  727  pagt-^.  will>  'iO'J  innstnttifin.*.     rioth,  $2.00;  leather.  $.^.00. 

inrvtnthe  BbiK- 

-rnlstry   whicb 

'•n  In  the 

i'.>  readily 

v  lin  deaire 

iiilstry.  but  also 

■'  only  a  general 

•  1. <■   i'!<».Huro  In 

•  •lory 


D.. 

tnunt  of  tht  Vmv«rnhi  nf  PmnuylvmUa. 
'-or  the  n»e  of  .StmlentR.     Based  upon  Bow- 
■j  of  310  j.,'tf;es,  with  74  illus.    Cloth,  $1.76; 

tB  reoognltlon  of  oomp^itmdK  due  l..  r'flth^log 
■^dkloDs.     The  deteotloQ  «<  ^. 
h  autftc^ent  tvAx^twa  tot  NXi«  v 

tR  pT»ftt\UOa«t<— BMtORV  J  I. 


10 


Lka  Beothjkrs  k  Co.'b  PcBUCATioira — Clieiulaliy. 


ItEMSBN,  IRAf  M.  D.,  I*h.  !>., 

■fVoflMCr  qf  Ct«intffrv  in  (h<  Johtu  Hopktnt  (Totowtl^, 

FriiiOi|>lee  of  Theoretical  Chemiatry,  with  spmekal  rsCerouitoiiijai 
[itfon  of  Chemical  Compoands.    New  (third)  and  thorougfalr  igriaed  c^tkib  la  ate 
•ome  royal  12mo.  volume  of  SI  6  pagea.     Cloth,  f2.0O.     Jmsl  ready. 

Thli  work  of  Dr.  Rrrosen  1<  tb«  very  text-book  '  examlDmiioD  of  eo[I«g»|tealll*«wll«  ln»M( 
ii»e<ied,   and  the  medlrai  mudcnt  who  has  It  at 


cliemlcal  ln«trnctioa.— «!.  Imw  Mi^ig^\ 

gifiU  Jovr^iii.  -Jaauary.  ttHL  I 

It  im  a  healthful  algB  wbea  ««M«kiHalk| 

a  third  ^diri<-n  of  mvtdb  m  book  ■»  tHiL 


tioD  i»  larKVT  thaj)  th*  laai 
pAgos^  aDoT  mucb  of  It  Kaa 
trinKiDK   it  tuUr 

tion«L— jr.  r,  " 


bla  nngtr*'  eiadi>,»o  to  «pe«k,  can,  if  he  cAoofea, 
naka  rii[n*eir  ramiliar  with  any  branch  of  chem- 
latTT  which  he  ntay  desire  la  parsue.  It  would  be 
diflfcalt  indeed  to  find  a  mnro  inrtH  rnii  »n<i  m 
the  eame  time  compact  expli'  •- 

^Opbyof  chemistrr,  than  the  ■  :  il 

••  recommend  ft  to  the  cart.. -:.....  .aJ 

CHARLES,  T.  CRAN8TOUN,  M.  J>.,  J^.  C.  &,  X&, 

FoTHLerly  Ami.  Prof,  and  P«nuyntt.  of  Chtmutry  ami  Chemtial  J*k^ml**,  fju ■■*«  Ctfl^  M 

The  Elements  of  Physiological  and  I*atholo^oal  CheoBMiiT.  l| 

HaDdb(x>k  for  Medical  StiidenU  and  Practilionera.       Contjunio^  a  gtmutl  anA(| 
Nutrition,  Foods  and  Digestion,  :md  tiie  Ciiemiiitiy  of  the  Tiasu«a,  Orcaa^l 
£xcretion8  of  the  Body  in  Health  and  in  Disease.     Together  with  iKi  iiMlb4tip^| 
paring  or  separating  their  c-hief  rt>niitiUieDt»,  as  also  for  their  examiaHtioa  is f 
ao  outline  ^vilabus  of  a  practical  courtie  of  inittruction  for  Btudenta.    In  i 
▼olume  of  463  pages,  with  38  woodcuts  and  1  colored  plate.     Cloth,  ^3.^60. 

Dr.  Charles  i*  fully  tmprei>»ed  with  (he  import-  |  anwadayn.     Dr.  Charles  biM  denial  a^V  I 
ance  and  practical  reach  of  hi^  stibjprt,  and  he  '  to  the  elucidaltoo  of  arifiarjr  iiijaiilw   Itfell 
has  Lreatea  it  in  a  competent  and  inttructive  man- .  thiK  with  much  detail,  alMi  yc^tsai 
Ber.    We  cannot  recommend  a  hett<>r  book  than    intelli((ible  maativr.     tn  Duet,  ttie Mil 
'  the  present.    In  fast,  it  fill<i  a;ap  in  roedioal  text-    hU  book  with  manT  practic^  lilifci    IM^fc  I 
books,  and  that  is  a  thing  which  can  rarely  be  said  |  ordi,  December  90^  tisM. 

HOFFMANN,  F.,  A,M„Fh.I>„  Jb  ^OWIEH  F.lLpl%X\ 

Public  Analjitl  to  thsSiatt  of  &'eu>  Tork.  Prof,  of  Anal,  Ch^^  mt  CJh*  ItUL  CWL  ^  ^m 

A  Manual  of  Chemical  Analysis,  as  applied  to  the  Elxaraiaatiaaaf  11 
ChemicalH  a.nii  their  Preparntioiu.     Being  a  Uiiide  forthe  Determinatioo of  iMrliat  I 
and  Qnaiitr,  and  for  the  Detection  of  Impurities  and  Adultenitioiv.     For  lit  •'I 
Fharrnai'ifjts,  P]ir8iciane>  Dnisg^ts  and  MauufacturlDg  Chemists.  an4  PIlsnMBBii 
Medical  Student^.     Third  editioD,  entirely  rewritien  and  much  etilai|;ML    bi*iV| 
laadKMne  octavo  volume  of  621  pages,  with  179  illustrations.    Cloth,  $4.2& 
We  eoBBratolate  the  author  on  the  appearance  '  tion  of  them  aiasularlj  exatMt 
of  the  third  edlticnofthta  work,  publiwhed  for  the     --' — "  —  ■•-   -^ 
Ir8t  time  in  this  countrr  also.    It  is  admirable  and 
the  information  it  iindertakCK  to  «npply  Is  both 
axteiuiiTv  and  tninlworlhy.    The  selection  of  pro- 
eesiBS  for  determlninK  the  purity  of  the  subetan- 
oes  of  which  il  treala  is  excellent  and  the  desciip- 


excepdonally  free  from 

have  no  heaitatlon  in 

who  are  engaged  eiOter  In  tbe  i 

testing  of  iDedioitxaJ  ehemloata.'-i 

tmUtw  Jottmai  and  TVonaoeftM^  U 


CLOWE8,  FRANK,  !>,  8c, ,  Ltmdon^ 

Senior  Seienet-Mruter  at  tht  High  School,  tfaeeaatU^ndm^Z/f/me,  tic 

An  Elementary  Treatise  on  Practical  Chemistry  and  Qo*llM" 
Inorganic  Analysis.  S|>eciall7  adapted  for  use  in  the  Lshor^toriasc/ Scioik^ 
Oolleges  and  by  Beginners.  Third  American  from  the  fourth  and  revised  Ea^dikftt^ 
In  one  very  handsome  royal  12mo.  rolume  of  S87  pagen,  with  55  ilJtwtfatlia«[  04 
$2.50. 
This  work  baa  Iobk  been  ■  favorite  with  labora- 


tory Instructors  on  account  of  lia  syKfemalic  plan, 
carrying  the  itndentstep  by  ntep  from  the  iilinpl*i<i 


Saestions  of  chemical  analysis,  t-o  the  more  reoon 
it«  problems.    Features  quite  as  commendable 
are  the  repilarity  and  system  demanded  of  the 


■tadeiit  In  the  perfemaBe*  «f  aick  aiV* 
These  characterUtlce  are  preawrMrf  IS  •»!*• 
Mlition,  whieh  we  cmb  H«ari4l7  nwiie— a****^ 
Isfactory  guide  for  U>«  rttadestariMpsI*^* 
ical  analysts.— iTM  r«rik  JIMmflS^«»« 
1886 


RALFE,  CHARLES  H,  M,  D,,  F.  R,  C.  J>., 

Auiitani  Physician  at  the  London  HotpiUU, 

Clinical  Chemistry.     In  one  pocket-eize  12mo.  volume  of  314  p^si^vli' 


illustraiions.  Liiup  clotli,  red  edgets,  $1.50. 
This  is  one  of  (he  mo»t  in* tnirtlve  little  works 
that  we  have  met  with  in  a  long  time.  The  author 
la  a  physician  and  physialo^st,  an  well  aa  a  chem- 
ist, consequently  tne  book  in  unqualinedly  prao- 
^ttcal,  telling  tha  physloian  Just  wnal  he  oukhi  to 
know,  of  the  appneaUons  of  cheralHtry  in  medl- 


1 


See  Student*'  Serita  of 
cine.    Dr.  Ralfe  ia  thorouKblv 
latent  contril'iitlnns  to  his  M!i)»n«iL  ss^  N  fe  ^ 
refTMihlng  tofin<1  the  sab)«iot  ifeall  wSkaMI 
and  simply,  yet  In  such  evldeat 
modem   scientific    maihoda  ai 
iUesni,  Pebntary  S,  IM4. 


CLASSEN,  ALEXANDER, 

P'ofmnor  in  the  Rmial  Potvltrhnic  School,  Aix-la-Ch«p«Ut. 

yi ntary  Quantitative  Analysis.    Translate*!,  with  notss  «ad 

"£}'  'n.  Pli.  !>.,  AsKtatnnt  Professor  of  Cheniisirif  in  tlie  T..i.n»  ScJj^ 

T  In  one  12mo.  volume  of  324  I'  Chal^lMI 

TT.Bniial  of  an  elementary  '  and  ihr-  ,  ,],  nriiitr>Vs^ 

',  cotnttvetkCVm  ■« 
tiywad  by  aayataXV 


fBOTHxaa 


lUOATioNs — ^Pbarm. « 


ted.,  Therap. 


BRVNTON,  T.  LAUDER,  M.D.,  n.Sc,  F.R.S.,  F,R.C.P,, 

L*etwrtr  on  ijnteryn  MeAiea  and  Thtrapeuliet  at  St.  BartSolometc'i  Hotpitnl,  London,  tin. 

A  Text-book  of  Pharmacology,  Therapeutics  and  Materia  Hedica ; 

lacludinK  the  Pharmacy,  ilie  Phygiological  Actinu  and  the  Thempeiiticail  Uses  of  Drug«. 

New  (3d)   edition.     In   one   handftome  octaTO   volume  of   1305   pages,  with  230  illua- 

tration*.    Cloth,  15.50 ;  leathe-,  $6.60. 

tnilh.  The  grent  merit  of  this  work  \»  that  tho 
author  bus  been  able  so  wall  to  aoordlnata  twa\» 
into  ma  iDt<?]ligible  nnd  ratlnaal  aystem  of  pharmft- 
colO(cy,  aad  heuceforth  no  irvattae  on  therapeutics 
will  be  oonaid»r«-l  oomplete  which  doe»  not  In 
•ome  measnre  adopt  inl*  method.  The  busy 
physician  will  approach  tliiin  book  to  leurn  80ine> 
thinK  that  will  better  fit  him  for  his  work,  and  on 
every  pnKi^  lie  will  iind  fiomethlng  that  will  reward 
him  fur  the  time  spent  in  its  periiiial.  Ws  com- 
mend thia  book  a»  one  which  p»ery  physioiau 
•hould  uwn  and  Ktady,  It  U  a  work  which  if  once 
owned  will  be  likely  to  be  read  and  coniulted  till 
the  oorera  fall  olT  from  muoh  WM.—Dotton  SStAieeJL 
md  aurgieal  Journal,  Dec.  SW,  1888. 


The  preaent  edition  lia*  the  oamp  merit,"  of  fiil- 
la  aad  olewness  whtoh  Its  predoi'«iiKor«i  poM- 
aed.  It  has  been  rerised  ao  ii!<  to  devote  more 
sntiooto  certain  matlers  which  have  undergone 
rapid  development  within  the  liutt  few  years.  It 
presentii  a  Tery  accurate  view  "i  the  present  state 
of  knowledge  In  regard  to  it»  »ubject.  A  noticeable 
feature  of  ihiB  book  \*  it»  very  complete  index  of 
remedieii,  and  a  helpful  index  of  diseases  and  the 
medicamentawhIchiiiHv  t>e  iiHcd  in  treating  tliern. 
— M(<'iiml  tiwi  Snr'iifiil  fUifirtt-r,  Nov.  IT,  InkS. 

Nothing  nd  oriKLiial  aiulsocompletoon  the  action 
of  drugs  on  the  body  generally  and  on  ita  vartou!) 
p«rta.nat>  appeared  during  the  life  of  the  preaent 
generation.    This  i*  icrong  language,  bat  ft  i*  the 


MAISCH,  JOHNM.,  Phar.  J>., 

Profiss(fr  uf  Mtilerta  Mtdica  niid  Botany  in  t^6  Pliikulilphia  CoUagtof  Pharmaey. 

A  Manual  of  Organic  Materia  Medioa;  Being  a  Guide  to  Materia  Meditat  of 
the  Vegetable  and  Anirual  Kiiigdoiii».  for  the  tue  of  Studeata,  Drusgista,  Phannaciata 
and  Phjsiciaiv.  New  CW)  e^iition,  thoroughly  revi.sed.  In  one  hano^me  royal  12mo. 
volume  of  523  pages,  with  257  illustrations.     Cloth,  $3. 


Prof.  MalHob  la  one  of  the  moHt  di.-<tlnguli«h«d 
pharmaai8t«  of  thU  country.  Me  and  Prof  StillS 
are  the  author*  of  T/ic  Nattonat  Dtspenaatory, 
whinh  is  not  ezcelleil  by  any  worknf  ite  kind  ever 
publiahed.  The  learning  and  experience  of  the 
author,  therefore,  i^  a  guarantee  that  hU  manaal 
Is  well  adapted  for  its  purpose,  viz. ;  a  text-  and 
reference-book  for  students,  pbarmncistg  and  phy- 


alcUna,  containing  the  most  reoent  and  reliable 
I  information  in  regard  to  drugs.— Onci'nnatt  Madi- 
\  eat  NeiDt,  Nor.  188T. 

We  do  not  know  of  any  work  in  the  Kngllah  lan- 
guage which  covers  the  Kround  »o  well,  and  hence 
Re  popularity  is  deserved.  I'rof  Malsch  la  one  of 
the  acknowledged  pharmaceutical  educators  of 
thlsoouotry. -.Inter.  Pratttliuntr  A  Scvt,  Aug. lS,'8fl. 


BARTMOLOW,  ROBERTS,  A.  M.,  M,  JD.,  LL.  £>., 

Profemor  of  MaUria  MeUita  niul  Qeinnil  Thtrraptulict  in  thi  J^erion  Mfd.  0>U.  of  PhUatdtlphia. 

ITew  Bemedies  of  Indigenous  Source:  Their  Physiulogicstl  Actions  and 
Tlierapeutical  Useis.     In  one  rtctavo  volume  of  about  SOO  pagea.     Prepariiuf. 

PARRISH,  EDWARD, 

Lnte  Pn.'ft^tryr  of  the  Theory  ainl  Prnftiee  of  Pharmacy  in  th*  PKUaMpKia  OolUgt  of  Pharmaey, 

A  Treatise  on  Pharmacy :  designed  as  a  Text-book  for  the  Student,  and  aa  a 
Gtiide  for  the  Physician  and  Pharmaceutist.  With  many  FormulK  and  Prescript iona. 
Fifth  edition,  thoroughly  revised,  by  Thomab  S.  Wieoajid,  Ph.  G.  In  one  handaome 
octavo  volume  of  1093  pages,  with  256  illostrationB.    Cloth,  |5 :  leather,  |6. 

No  thorough-going  pharmaettt  will  (ail  to  poweaa  Each  na^^e  beari  evidence  of  the  care  bestowed 
himself  of  no  usefUi  a  guide  to  practice,  and  no  upon  It,  and  conTeys  valuable  information  from 
physiclao  who  properly  estimates  the  value  of  an  the  rich  store  of  the  editor's  experience.  Id  fact, 
•oanrate  knowledge  of  the  remedial  agents  em-  all  that  relates  to  practical  pharmacy — apparatus, 
ployed  bv  him  In  daily  practice,  ao  far  aa  their 
misoibillty, compatibility  and  mofit effect Ive meth- 
ods of  combination  are  concerned,  can  atford  to 
leave  thiv  work  out  of  ttio  lUi.  of  their  works  of 
reference.  The  country  practitioner,  who  must 
aJwars  be  Id  a  measure  his  own  pharmacist,  will 
Ifnd  It  Indispensable.— Z.oui«eiU<  Mtdieal  littot, 
March  39, 1884. 

ThlH  well-known  work  preseata  llaelf  now  baaed 
upon    the   recently  revised  new   PharmaooptBijk 


processes  and  ditpenalng— haa  been  arranged  and 
described  with  clearness  In  Its  various  aspeeta,  so 
aa  to  aiford  aid  and  advice  alike  to  the  studentand 
to  the  practlnikl  nharmacinL  The  work  ia  Judi- 
ciously lllustralccl  with  good  woodcute — Avivriean 
Joumai  of  Pharmaai,  January,  18M. 

There  la  nothing  to  equal  Parrlsh'a  Pharmaey 
tn  this  or  any  other  language. — ZrondoN  Pharma^ 
e«itie€U  JounuU, 


HERMAKN,  Dr.  L., 

Prvfeator  of  Phi/nologt/  in  Iht  Univtrtily  ofZuruh, 
Hzperimental  Pharmacology.  A  Handbook  of  Methods  for  Determining  the 
Physiological  Actions  of  Drugs.  Translated,  with  the  Author's  permisaion,  and  with 
eiteusive  additions,  by  Robert  Meade  Smith,  M.  D.,  Detnonfltrutor  of  Physiology  in  the 
Univereity  of  Pennsylvania.  In  one  bondaome  12mo.  volume  of  199  pages,  with  32 
illuatrations.     Cloth,  $1.60. 

BRUCE,  J,  MITCHELL,  M,  D.,  T,  R.  C.  P., 

Phu*ieion  ai,rt  Ltfturcr  on  Matti^a  Metttea  and  7T\iray«Uict  at  Charing  Ooii  Botptiat,  I^ndon, 

Materia  Medica  and  Therapeutics.  An  Introduction  to  Ratioiml  Treat- 
ment. Fourth  edition.  In  one  pocket-size  l2mo.  volume  of  591  pagee.  Limp  cloth, 
$1.50.    See  Studisnti^  Sfritjt  of  MunwiU,  page  4. 

GRLFFITH,  ROBERT  EGLESFIELD,  M.  D. 

A  Universal  Formulary,  containing  the  Methods  of  Preparing  and  Adminis- 
tering Offieinril  and  other  .Me<licine«.    The  wliole  a<Ujiteti  to  PhyslciooB  and  Pharmaceut- 
■iU.    Third  edition,  thoroughly  revised,  with  numerous  atiditiona,  by  Jooir  M.  Maibbb^ 
Phar.  D.,  Professor  of  Materia  Medica  and  Botany  in  the  PlivlajiftVyV\\.VL^'^«syt  o^  "^VjcraiSMs^ . 
In  one  octavo  volume  of  776  pages,  with  38  tUmitiu^AQn>>    C\<A.\v,  1t^^  •,  \«!a3i>tt.«i,V»>«i- 


Lka  Bbothers  k  Co.'s  PuBLiOATioim— Mat.  Med.,  TlMrat^ 


STILL:^,  a,,  M.I>.,LL.l>„d:  MAISCM,  J,  M»,thtifX 


Profimrr  JtmeriUu  of  tht  Thtoryand  iVoe- 
and  of  CUnieai  Mtdttuu 
tm  ifii  Univtrtity  of  fitnntyUtmUt. 
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NEW  (FOURTH)  EDITION. 


r 


The  National  Dispensatorj.. 

CONTAINING  THE  NATURAL  HISTORT.  CHEMISTRY.  PHMRmMCT.  MCTIOMS  4/W»  tvol 
MEDICINES.  INCLUDING  THOSE  RECOGNIZED  IN  THE  PMARMACOPHlllcnH 
UNITED  STATES.  GREAT  BRITAIN  AND  GERMANY.  WITH  MUMCfKHa 
REFERENCES    TO  THE  FRENCH  CODEX. 

Fourth  edUiim  rcvUat,  and  cutrrmtj  Ihe  new  UrUittk  Pkm  wuwopmia. 
In  one  mngnificent    ltn|>eri&l  octavo    volume  or   1794     |ag«*,   witb  III 
eni^nivings.      Price  in  cloth,  17.25  :  leather,  raieed  btuulfl,  ^.W>;  raj 

RubhIh,  raised  bands  and  open  liack ,  f  9.00. 

%*  Thi*  trork  tpili  be  ftimithrd  uith  Pattnt  Ready  Reftrtnot  T\wm\i  Imtr  M«/Nli 
in  addition  to  the  price  in  nny  xlylf  of  binding. 

In  this  new  edition  of  The  National  nn-^vv  ••'•'."---    -n  ^'"ptmBatdnvBBJift 
recent  British  PhamiacoiHi'in  hnve  been  i:  tbc  vnliaafcVkiik 

the  Addenda  will  )>e  fr)und,^[?niti^K'<)  in  .n  r<  i'ffcs-  *U  tkM|i^i 

novelties  which  have  l>een  ei<tiihli»hed  in  prilmfiionai  favor  since  the  pobQariia  rfii 
thini  edition  two  years  a^o.  l>etaile<l  inforuiiitii<n  i^  thiK  {Hrcti  of  th«  iMtmkmm^ 
the  ninny  drugs  treate<l:  Antipyrin,  Cocaine  Hydrochhir  \t*  Smgn^rH^ 

Franciflcea,  vnrioiw  new  Glycerins,  Gymnofladus,  Hyiln  ilypooMi,  laatL  !• 

randii,   Lanolin,  Menthol,    Phormium,  Siilphophenol,  Thaiiiti    nnd*  Urvt^n.     ii* 
edition,  as  aJways  before,  The  National  Dispensatory  m»y  be  mud  to  ImjIm 
Btive  of  the  most  recent  atate  of  American,  English,  Genuon  mod  Fraod) 
Therapeutics  and  Materia  Medica. 

II  Is  with  tniicli  pleamiire  that  thf  fourth  Piiil5on  '  dlacoTerf  hav 
of  Ihli*  muftnilicifni  work  wroct-irpd.    Theauthor*    CVv  .Wcj'i'a/  ;• 
and  publitilteri  have  reaMon  lo  {*c-\  iiroiidof  this,  '      W*'  ihink  ii 
the  mo#t  oomprehenslve,  elaborate  and  acrurate  i  profp-sion  of  n 
work  of  the  kind  CTer  printed  In  this  country.    It 
la  no  wonder  that  It  has  become  th«  titandnrd  au- 
thority for  t)oth  the  medical  and  phariiia>^eiittcal 
prof«»aloD,  and  that  fonr  edition!'  have  Vk-po  re- 

auired  to  dupply  the  conntant  and  innreaKing 
ctnand  niaee  lt«  firvt  appearance  In  l«Ti).  The 
entire  field  hat  been  gone  over  and  the  rariou* 
artieles  revlaed  in  aecordanoe  with  tlic  latest 
deTelopmenta  recardlng  tbe  attributen  and  thera- 
peutical action  of  drugs.    The  remedtrR  of  racent 
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and  to  the  ntibllBtirrv. 
May  31, 1887. 
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EDE8,  ROBERT  T.,  M,  !>., 

Jaekton  Proftasor  of  Clinical  Medieint  m  ffarvard  Dnivenit^,  tftdicat 

A  Text-Book  of  Therapeutics  and  Materia  Medioa.    InmMfc* 

Uaeof  Students  and  Prsctitioneni.     In  one  (Ktavo  volume  of    544  pmgm,    CM.1^ 

leather,  $4.50. 

The  treatlM  will   be  foand  to  be  conclae  and 

Sraotlcal,  bringing  the  Dubject  down  to  the  latest 
evelopmenU  cf  therapputicR  and  jihnrniaoology. 
Tb«  atodent  and  pra<'titloner  will  nnd  Die  book  a| 
valnable  one  for  reference  aiifl  Htiidy,  the  former 
baing  facilitated  by  a  fall  and  excellent  index.—  I 
8t,  Louis  Medieai  and  Surgteat  Journal,  Jan.  \!i»». 

Tbe  preeent  work  seetnti  deetined  to  lake  a  pixitn- 
loeot  place  as  a  text-book  on  the  subjectaof  which 
It  treats.  It  posflesxes  all  the  eB)>«ntlaU  which  we 
expect  ia  a  book  of  its  kind,  such  a«  conciseneHu, 
oleameM,  a  Judicious  classiflcation,  and  a  reaaon- 
able  dear**  of  dogmatism.  Tb«  style  deserrea 
tbe  higneat  commendation  for  its  dignity  and 

Bnrlty  of  diction.    The  student  and  young  practi 
oner  need  a  safe  guide  In  this  bnmch  of  medi- 


cine. Snob  t»i> 
All  the  newf- 
The  cllDlcal  t- 
useful.  We  1  ■ 
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FARQUHAR80N,  ROBERT,  JIT.  ».. 

Lseturer  on  Malaria  Medirn  nl  St.  Man/'*  ITotyifnt  Mediml  lirhnoL 

A  Guide  to  Therapeutics  and  Materia  Medica.     New  AmtAam  «A 
gpecially  revised  by  the  Author.     Enlarged  and  adajited  to  tb«  U.  S.  PharMMOpaik^  I>] 

one  haudsiime  12uo.  volume  of  about  550  pogw.     Pteparing. 


8TILLE,  ALFRED,  M,  X>.,  XX.  1>., 

■  Thtoryixmi  }\fiflu-f  of  MeA  nnd  of  O'nic''' 

J  tics  and  Materia  Modica.    A  s 
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LiA  BBOTfTEtts  &.  Co.'s  PtiBLTOATioNs — Pathol.,  Hlstol* 


X^ATNE,  JOSEPH  F.,  M.  D.,  F.  B,  C.  P., 

Member  of  the  fnt hol<xrtr.nl  Sonify,  Senior  Auiiitant  Phi/ncian  and  Lteturtr  on  Patholi^fieal  Anat- 
vmxi,  St.  Thnmoji'  fToxpilal,  Loniixx. 

A  Manual  of  General  Pathology.  Designed  aa  an  Introduction  to  the  Prac- 
tice of  Mwlkine.  In  one  liamlsonie  (H.'tavo  volume  of  524  pages,  with  182  illastrations 
and  a  col<>re<l  plate.     Juni  retuftf.     Cloth,  (hS.SO. 

Th»  •ulhor  of  tlilii  book  isone  wlio»o  r»'«e»rche9  ;  clear  undentaading  of  muoh  that  would  othei^ 
In  putholoKy  and  phyHloloicy  h»Te  made  his  n»nne  wif<«  b«  con^slng.  A  departure  whicli  our  author 
•  fainiliar  one.  Hb  \\il*  occupied  nome  of  the  nioBt  ha«  taken  is  th«  grpalerattontlon  r>»ld  lo  tlia  i^nusa- 
Importanl  and  hooorablc  posilintiH  In  thu  world  of  tlon  of  dlseaiie,  uhd  mor*i  espoolally  to  the  otif>loe1- 
Englipli  medicine,  ami  hII  that  o^mof' from  hii  pen  cnl  Ui^iorf  in  thiwe  dl«<?»*eH  now  with  reafionable 
Isenlltlrd  to  the  re"t>e<^l  that  oiioh  p<j«iti(in.-»  narry  cer(ftlnty  ascribed  to  pAthogenetii!  microbps.  In 
with  them.  Knowlntr,  u>  a  l*a:hi?r  and  eiamlner,  thin  department  hclias  be^in  very  fulland  explicit, 
th«  exact  needs  of  medieal  student",  he  has  In  the  ,  not  only  in  a  denoriptlTe  manner,  but  In  the  toch- 
work  l)efore  n»  prepared  for  their  esppcial  u*e  '  nique  of  lnTestig»lion.  The  Appendix,  giving 
what  we  do  not  hesitate  to  ^ay  iothe  beet  Introduc-  I  methodsof  re«eRri'li,l(4 alone  worth  tue  prioe  of  the 
tJon  to  goni>ral  pathology  that  wi»  havR  yet  ex-  book,  several  limes  orcr,  to  evcrjf  student  of 
amlned.  Ho  ha«  given  his  work  a  cohereooe,  and  pathology.— 5t  ioun  Uedteal  and  burgit<it  Jour- 
baa  led  his  readers  along  in  a  connected  way  (o  t  I  oat,  Jan.  1$S9. 

COATS,  JOSEPH,  M.  J>.,  F»  F,  P,~8., 

PatHologut  to  th«  OInutme  Wfjttem  Inftrmicry. 

A  Treatis©  on  Patholo^.    In  one  very  handsome  oct*7o  volume  of  829  pagea, 
with  3vt9  l)eautiful  illiiMtralionn.     Cloth,  $5.50 ;  leather,  $6.50. 
The  work  before  an  treata  the  KuhJ^ot  of  Path-  |  forth  the  most  recent  disooTeries,  exhibits.  In  an 


ology  more  exten'tiTely  than  it  in  n<<iially  treated 
In  Rimtlar  irorkji.  Medliial  Bludontu  a.«  well  as 
phyviuiani.  who  desire  a  work  for  utiidy  or  refer- 
«nee,  that  treat*  the  eubJmrtM  in  the  rarionF*  d<^ 
partmeDta  in  a  very  thorough  manner,  hut  without 
prolixity,  will  certainly  give  thif  one  the  prefer- 
«DOe  to  any  with  which  we  are  ar-quainl<<d.   It  tietj) 


>atare!>ting  manner,  the  changes  (k-om  a  normal 
i?ottdltton  eiTooied  In  utruotures  by  dii>ea«e.  and 
pointH  out  the  oharaoteri«tic8  nf  Tarioui>  morbid 
agencie«,  ho  that  they  can  V>e  easily  recognised.  Hot, 
notllmltedtomorbliiauatomy,ltf!xplain8fully  how 
the  functionx  of  organic  uro  dii>turb«d  hy  abnormal 
eonditiong.— CtnnnnoM  Sftdieal  iV«w*,  Oct.  1883. 


GREEN,  T.  HENBY,  M.  D., 

Lerturer  o<t  PathoI'Mfn  and  Morhid  Anatomif  at  Charmg-Crou  Hospital  Mertifal  School,  LondnCk. 

Pathology  and  Morbid  Anatomy.  New  (sixth)  American  from  the  aeventh 
revised  and  enlurged  Engli!«h  e«lition.  In  one  very  handsome  octavo  volume  of  ^wiit 
600  pagea,  with  about  150  line  engravinga.     Preparing. 

WOOD  HEAD,  G.  SIMS,  M.  2>.,  F.  R.  C,  P.  B„ 

Dtnumntrator  of  Pnlhologfi  in  Iht  Univertitg  of  Sdinbwgh. 
Practical  Pathology.     A  Manual  for  Students  and  Practitioners.     In  one  beau- 
tifiil  octavo  volume  of  497  {uiges,  with  136  exquisitely  colored  illustrations.     Cloth,  $6.00. 

It  forms  a  real  guide  for  the  student  and  practi- 
tioner who  te  thoroughly  In  earnest  In  hifi  en- 
deavor to  aee  for  himself  and  do  for  himself.  To 
the  laboratory  atudent  it  will  be  a  helpful  com- 
panion, and  all  those  who  may  wieh  to  umtliarlxa 


(heroaelvee  with  modern  method*  of  exam  lot  ng 
morbid  tlMuea  are  •irongly  urged  to  provide 
themselves  with   this  manual.     The   aumerous 


drawing!!  are  not  fancied  pictures,  or  merely 
flchemstia  diagrams,  but  they  represent  faithfully 
the  aotoal  imnges  »eeD  under  the  microscope. 
The  author  merits  all  praise  for  having  prodaced 
a  valuable  work.— Af«dieal  Raeord,  Mav  31,  1884. 


Every  point  is  explained  with  perfect  «atlsfao> 
tlon,  BO  that  the  merest  tyro  may  understand.— 
PAyneum  and  Surgeon,  Deoember,  1883. 


SCHAFER,  EDWARD  A.,  F.  R.  S., 

A»ii*tant  iVo/euor  of  PKytiiylogy  in  Vniverrily  CblUge,  London, 


The  Essentials  of  Histology. 
281  illustrations.     Cloth,  $2.25. 

This  admirable  work  was  greatly  ne«4ed.  To 
those  who  are  familiar  with  the  author's  former 
"Course  of  Practical  Klittology,"  the  book  noeds 
i>o  recommendation.  It  has  ttecn  written  with  the 
object  of  -lupplyliig  the  student  with  directions 
for  the  microMCopiail  exaininattun  of  the  tissues, 
which  are  given  in  a  clear  and  understandable 
way.  Although  especially  adapted  for  laboratory 
work,  at  the  same  time  it  is  Intended  to  serve  aa 


In  one  octavo  Toliune  of  246  pages,  with 

an  elementary  t«xt-book  of  histology,  comprising 
all  the  osxentlal  facta  of  the  salanoe,  bat  omitting 
unlmportaat  dr tails.  The  author  has  recom- 
mended only  those  methods  itpon  which  long  ex- 
perience has  proved  thai  full  dependence  can  be 
placed.  Tha  strict  observance  of  this  plan  per* 
mlts  ot  no  doubt,  and  makes  the  work  eminently 
tMataa^Ty .—Th«  Phytnian and Swg*i>n,  July,  1887. 


KLEIN,  E,,  M,  !>.,  F,  R,  S,, 

Joint  Lecturer  on  Oeneral  Aiml.  af\d  Phyt.  in  tin  Med.  School  of  St.  BortKolomno'i  Botjt.,  London. 
Elements  of  HiBtoIogy.     Thinl  e<iition.     In  one  pocket-size  12mo,  volume  of 
360  pages,  with  181  iltus.    Limp  doth,  $1.50.    See  Stwlmtif  Seriet  of  ManuaU,  page  4. 


This  little  volanaa,  originally  Intended  by  Ita 
able  author  as  a  manaal  for  medical  student*, 
eontalns  much  valuable  information,  <yittemaiic- 
ally   arranged,  that   will    be   acceptable   to   the 

Ssneral  practitioner.    It  gives  a  graphic  and  luold 
eaorlption  of  every  tls.nue  and  organ  In  the  hu- 


man body;  and,  while  small  in  slee,  It  Is  (till  to 
overflowing  with  Important  facts  in  regard  to  these 
mutttform  and  complex  struotures.  We  know  of 
QO  book  of  it«  else  that  will  prove  of  greater  value 
to  medical  students  and  practitioners  of  madl- 
otne. — n»  .Soittfi&rn  Prnetitioner  Nov.  18SS. 


PEPPER,  A,  J.,  M.  B.,  M.  8.,  F,  R.  C.  S., 

Surgeon  ntui  Ltelurer  at  St.  Man/'t  Hn^pttal,  London. 

Surgioal  Pathology.     In  one  pocket-aise  12mo.  volnme  of  511  pa^ea,  with  81 

illiutrations.  Limp  cloth,  red  edges,  $2.00.    H^e  Studmlg' Seriet  of  ^fllnuelh,  pUge  4. 

U  embodies  a  great  deal  of  matter,  extending 
over  the  whole  fteld  of  sargical  pathology     ItAform 


la  prai'tical,  Ita  language  Is  clear,  anil  the  inform 

tlon  eet  "irth  Is  weO-arranged,  well-indexed   and  . 

kwaJJ-illu.itrated.  The  student  will  And  In  It  oothilaK  \ 


that  is  unnecessary.    The  list  of  sublect«  covers 
the  whole  range  of  surgery.    The  book  s-'^^lleaa 
very  manifest  want  and  should  mael 
cess. — Ne»  VotIi  Jif'tveoX  Iuii'-wnV^V 
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FLINT,  AUSTIN,  M,  D.,  Li.  2). 

Prof,  nf  tfie  PrincifiU-t  nmi  Pritelue  of  ift4.  and  of  Clin.  Mtd.  in  BeUsntt  Hotpilai  Mtdifnl  OMtg;  jV.  T. 

A  Treatise  on  the  Principles  and  Practice  of  Medicine.  Designed  for 
the  UM  of  StndenU  and  Prnctitioners  of  Me<iicine.  New  (sixth)  edition,  thorouehly  re- 
Tised  and  rewritten  by  the  Author,  asKiste*!  by  Wimjam  H.  Welch,  M.  D.,  ProieaBor  of 
Pathology,  Johns  Hopkinu  University,  Baltimore,  «nd  Austin  Flikt,  Jk.,  M.  D.,  LL.  D., 
Professor  of  Physiology,  Bcllevue  Hospital  Medical  College,  N.  Y.  In  one  verv  handsome 
octavo  Tolunie  of  11(50  pages,  with  illustrations.  Cloth,  $5.50;  leather,  $6.50;  very 
hanclfMime  half  Rtmia,  raised  bands,  $7.00. 


A  new  edition  of*  work  of  ^urh  eoUiblUhed  rep- 
utation A"  Flint'c  Medicioe  n^cdti  but  few  words  lo 
commcnil  It  to  notlne.  It  nmy  In  tnith  be  «aid  to 
cmbodythf  fruit  of  Ii^h  litborH  in  clinical  niedloina, 
ripenea  by  Ihe  eipenence  of  »  long  life  Jtvoled  to 
lt«  piirmit.  Ainerica  m»y  wpI!  I*  firotid  of  having 
produ''Oi|  n  man  whos«  indefHtigahie  induiitry  and 
ciftH  of  pf  niUK  hare  done  so  much  to  a<l vauce  mctd. 
icine ;  and  all  Kagli»'h-re»diDK  sludenis  muKt  b« 

fraiefu!  I'or  the  work  which  beTiaM  loft  behind  him. 
t  bull  few  «qua1n,  either  in  point  of  literary  excel- 
lenee,  or  of  ncltsnlffic  Ifarnln^,  and  no  one  eaa 
hiaiy  ita  pa^en  without  trains  etruck  by  the  lu- 
cidity and  accuracy  which  characterUe  them.  It 
ia  qualltlM  auch  as  iheve  witich  render  it  ko  valu- 
able for  lt»  purpose,  aud  Rive  it  a  (oretnoKt  pliice 
amoni;  the  ti'Xt-bookii  o?  this  geueratlon. —  T%< 
Lo'Kion  Lancet,  March  12,  1887. 

No  text-book  on  the  principles  and  practice  of 
in«dicli>e  has  erer  met  In  thin  country  with  aiich 


general  approval  by  medio*]  etudentf  and  practt- 
iiODer»  aa  tlie  work  of  Prof»ii)>or  Flint.  In  all  lh« 
medical  colleges  of  the  UDtC«d  States  It  Is  the  fa- 
vorite work  upon  Practice :  and,  ae  we  hare  etated 
before  In  alludlDK  to  it,  there  U  no  other  medical 
work  that  can  be  ko  Reneraliy  found  iu  the  libra- 
rie«  of  phynlcians.  Iti  every  mtale  aud  territory 
of  thin.va;)!  country  the  book  that  will  be  moat  likely 
to  lie  found  In  the  office  of  amedical  mait,  wliather 
in  city,  t4iwn,  viltaite,  or  at  !<oin*  cro«»-ro*dt.  Is 
fllntV  Prnclitf.  We  make  thii>  statement  to  a 
coDHlderHble  extent  from  personal  obaervatlon,  and 
It  Is  the  testimony  also  of  others.  An  examina- 
tion shows  that  very  considerable  changes  have 
been  made  iu  the  sixth  edition.  The  work  may  un- 
doubtedly i>e  reearded  as  fairly  reprext^nUnii;  the 
present  state  of  the  science  of  modiciue,  and  aa 
reflecting  the  views  of  ihoee  who  exemplify  In 
their  practice  the  present  stajce  of  progrenaof  med- 
ical art — Cineinitoti  Medical  Kttct,  Oct.  ISM. 


HAltTSHORNE,  HENRY,  M.  2>.,  Xi.  2>., 

Lntdy  PT\ftt*<rr  of  Ilygimit  in  flu  Univfrtitii  ot  Ptriniylvania. 

Essentials  of  the  Principles  and  Practice  of  Medicine.  A  Handbook 
for  Sludenta  mid  Practitioners,  Fifth  edjtinn,  thoroiifjhly  revised  and  rewritten.  Id  one 
royal  12ino.  voluiue  of  669  pages,  with  144  ill itstrnt ions.  Cloth,  $U.75;  half  bound,  $3.00. 
within  the  compass  of  euo  pages  it  treat*  of  the  '  thin  one;  and  probably  not  one  wri(«r  in  otir  dior 
hlMory  of  medicine,  xennral  patholoxy,  genera!  had  a  better  unportunlty  than  Dr.  Hartehorne  for 
symptomatology  .and  piiysical  dlagnool^  (Including  cumlenoing  all  the  views  of  eminent  practitionere 
laryngoecope,  opnlhalmoBcope,  etc.),  general  ther-  Into  a  I2nio.  The  numerous  Illustrations  will  i>e 
apentlea,  nosology,and  eiieclal  patholoKy  and  prac-    very  useful  to  student*  especially.    These  esaeo- 


tice.  There  if  a  woniierhil  amount  of  uiformation 
oontainc't  in  this  work,  and  it  Is  one  of  the  bent 
of  itx  kind  thai  we  have  seen. — Olwtg(Ati  Medical 
Juurnnl,  Nov.  1882. 

An  Indispensable  book.    No  work  ever  exhibited 
a  better  average  of  ai^tual  practical  treatment  than 


tials,  a.*<  the  name  eugsesui,  are  not  intended  to 
su|>ersede  the  lext-iKMlcs  of  Kllnt  and  Bartholow, 
t>ut  they  are  the  most  valualile  in  atfordlnv  the 
means  to  see  at  a  glance  the  whole  literature  of  any 
diaeaaa,  and  the  most  valuable  treatment. — Chicago 
Medical  Jimmai  and  Examium;  April,  1882. 


BRISTOWB,  JOHN  SYER,  M.  2>.,  F.  R.  C.  P., 

Phfuxaan  and  Jotnl  Lutwar  on  Meditint  at  SL  Ttiumat"  Ho*pit<U,  Loi^don. 

A  Treatise  on  the  Practice  of  Medicine.  8e(»nd  American  edition,  revised 
by  the  Author.  Edited,  with  additions,  by  James  H.  Hutchtkbon,  U.D., jihysioian  to  the 
Pennsylvania  Hospital.  In  one  handsome  octavo  volume  of  1085  pages,  with  iltustratioDfl. 
Cloth,  15.00 ;  leather,  $6.00. 

The  tmok  is  a  model  of  conciseness,  and  com-  and  practice,  as  skin  diseases,  syphlliii  and  inaan- 
bines,  a»  successfully  as  one  could  conceive  it  to  icy^  but  they  will  not  t>e  objected  to  by  readers,  aa 
be  pOMible,  an  encyclonsdic  character  with  the    he  has  studied  them  eonaclentiously,  and  draws 


smtllml  dimensions.  It  diff'ers  from  other  ndnni 
rable  lext-bookf'  In  the  completeness  with  which 
it  covers  the  whole  field  of  medicine. — Mitkig&n 
Med'tal  A>«r«,  Msy  10,  18«". 

His  accuracy  in  the  (Kirtraiture  of  disease,  his 
care  iu  stating  subtle  mints  of  diagnosi*,  and  the 
faithfully  given  patholoKy  of  abnormal  processes 
have  •seldom  been  aurpa«sed.  He  embraces  many 
diseases  not  usually  considered  to  belong  to  theory 


from  the  Mh.—Madital  ami  Suryical  heporUr,  D*- 
oemlierao,  1870. 

The  reader  will  And  every  ooae^-ivable  eubject 
connected  with  the  practice  of  medicine  ably  pre- 
sented, in  a  style  at  once  dear,  Interesting  and 
concise.  The  aidditlons  made  by  Dr.  Holcluaaon 
are  appropriate  and  practical,  and  greatly  add  (o 
its  usefulness  to  American  reader*.— ^ufwo  MtA- 
vol  at\d  Sur^ital  Journal,  March,  188(1. 


WATSON,  SIR  THOMAS,  M.  D., 

Lnit  Phyticinn  in  Ordtttary  to  the  Queen. 

Lectures  on  the  Principles  and  Practice  of  Physic.    A  new  Ameritaji 

from  the  fifth  English  edition.  Edited,  with  additions,  and  190  illtistrntions,  by  UjEKBY 
IIabtshorxe,  a.  M.,  M.  D.,  late  Professor  of  Ilysiene  in  the  University  of  PennsylvmaiL 
In  two  large  octavo  volumes  ot  1840  pages.    Cloth,  $9.00 ;  leather,  $1 1. 00. 


LEOTLIRES  ON  THE  STIU>Y  OP  FEVER.  By  ,  LA  ROCHE  ON  YEI>LOW  FFA'ER,  considered  in 
A  HrnaoK,  M.  D.,  M.  R.  I.  A.  In  otie  octavo  |  iln  Hi.itorioal,  Pathological,  Etiological  and 
volume  of  808  pages.    Cloth,  tSJiO.  Therapeutical  Reintinus.  I n  two  large  and  hand- 

A  TREATISE  ON  FEVER.    By  Rosxav  D.  I.yows,  I     some  ooUto  volumes  of  UM  pp.    CJloth.  f7.00. 
K.  C.  C.    In  one  8vo.  vol.  of  3M  pp.    Cloth,  t2.25.  I 


A   CJSNTXmr  OF  AMERIOAN  HCDICINK.  1770-1876.    By    Drs.  B.  B.  Ouu%  B.  1. 
Uiozuir,  H.  f>  Clmnmt,  7   G.  Tuottxt,  and  J.  8.  Bilmsos.    In  one  ISmo.  volume  Of  3T0  page*. 
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A  System  of  Practical  Medicine. 

BY  AMERICAN  A  UTHORS. 

Edited  by  WILLIAM   PEPPER,  M.  D.,  LL.  D., 

FB0V08T  AJJI>   paOFESaOR  OF  THE  THEORY  AND   PRACTICE  OF  MEDICIKE  AKD  OF 
CUMIOAL  MKDICtKK  VS  THE  DSIVEaSITY  OF  PENKSyLVAJOA, 

AjBUtad  by  LociB  Starb,  M.  D.,  Clinical  Profewor  of  the  Diaeases  of  Cltildren  in  tha 
Hospital  of  the  UniTenitj  of  Pennsylrania. 

TU  eompleie  work,  in  fitHS  volwna,  containing  6573  pages,  Vfith  198  iUuttrationJi,  m  now  ready. 
Price  per  voluiM,  cloth,  $5 ;  leather,  $6 ;  half  Rtuufia,  raiAed  bandjt  and  open  back,  $7. 


In  this  great  work  American  medicine  is  for  the  first  time  reflected  b/  its  worthiest 
teachers,  ana  presented  in  the  full  development  of  the  prat-tical  utility  which  is  its  pre- 
eminent characteri«tic.  The  moat  able  men — from  the  East  and  the  West,  from  the 
North  and  the  South,  from  all  the  prominent  centre*  of  education,  and  from  all  the 
hoepitalH  which  aflonl  Hp«clal  optiortunities  for  Btudy  and  practice — have  united  in 
generous  rivalry  to  bring  together  thia  va*t  aj^gregate  of  flpecialized  experience. 

The  divtinf^ished  editor  has  so  apportioned  the  work  that  to  each  author  baa  been 
uugned  the  subject  which  he  is  peculiarly  tilted  to  discuss,  and  in  which  his  views 
will  be  accepte«l  va  the  latent  expression  of  scientific  and  practical  knowledge.  The 
practitioner  will  therefore  find  these  volumes  a  complete,  authoritative  and  unfailini;  work 
of  reference,  to  which  he  may  ut  all  times  turn  with  hill  certainty  of  finding  what  he  needs 
in  ita  moet  recent  aspect,  whether  he  seeks  information  on  the  general  principles  of  medi- 
cine, or  minute  guidance  in  the  treatment  of  special  disease.  So  wide  is  the  scope  of  tlie 
work  that,  with  the  exception  of  midwifery  and  matters  strictly  surgical,  it  embraces  the 
wholedomain  of  me^licine,  including  the  departments  for  which  the  physician  is  accustomed 
to  rely  on  special  treatises,  such  as  diseases  of  women  and  children,  of  the  geni to-urinary 
organi,of  the  skin,  of  the  nerves,  hygiene  and  aanilary  science,  and  me^lical  ophthalmology 
aiu  otology.  Moreover,  authors  have  inserted  the  formidaa  which  they  have  found  most 
efficient  in  the  treatment  of  the  various  affectioas.  It  may  thus  be  truly  regardeil  aa  a 
Complete  Libraky  of  Practical  Medicine,  and  the  general  practitioner  [HMsessing  it 
may  feel  secure  that  he  will  require  little  else  in  the  daily  round  of  profesaionaJ  dutiee. 

In  spite  of  every  effbrt  to  condense  the  vast  amount  of  practical  information  fur- 
niahed,  it  haa  been  impossible  to  present  it  in  leas  than  S  large  octavo  volumes,  containing 
about  &600  l>eautifully  printed  pages,  and  embodying  the  matter  of  about  15  ordinary 
octavoB.    lUustrationa  are  introouced  wherever  requisite  to  elucidate  the  text. 

A  detailed  prospeetut  vill  be  aent  to  any  address  on  application  to  the  publishers. 


Tbasa  two  Tolntnea  bring  this  admirable  work 
10  a  oIm*,  and  fullv  suatain  tlie  hitch  vtaadard 
raaohad  by  the  earner  volume?* ;  we  have  only 
Iherefore  to  echo  the  euloj^iiim  pronniinoed  upna 
Ihem.  We  wottld  warmly  congraiulate  tha  editor 
•nd  hla  colUboimtoni  at  the  cohcIubIod  of  their 
laborloaa  tMk  on  the  itdmlrBble  maaji«rin  which, 
from  llrMto  lut,th«y  have  performed  their  Mveral 
dutiea.  They  have  succeeded  in  producing  a 
work  whioh  vrill  long  remain  a  standard  work  of 
reference,  to  which  practitloueri  will  look  for 
nJdance,  and  authorii  will  resort  to  for  fKt«. 
From  a  literary  point  of  flew,  the  work  ia  without 
any  aerioim  bleinLth,  aud  in  respect  of  production, 
It  has  the  beautiful  flnlah  that  Americana  lalways 
■Hve  their  works. — Bdinbwgh  Mflicai  Journal,  Jan. 

•  •  ThegreateMdlstinotirely  American  work  oD 
the  practice  of  medicine,  and,  indeed,  the  aaper- 
lative  a^ective  would  not  be  inappropriate  were 
even  all  other  productions  placed  In  ooniparlion. 
Ab  exatnlnatioQ  of  the  fire  Tolumeii  la  auflicieDt 
to  ooDTlnoft  one  of  the  maKnliude  of  the  enter- 

Rrlae,  and  of  the  success  wnloh  has  attended  it« 
ilfllmeat.— Tlhs  Itedieal  Age,  July  26,  I8S6. 
This  huge  volome  forma  a  fitting  oloae  to  the 
araaiai'slem  of  medicine  which  in  aoahorta  ttrae 
baa  won  *o  higli  a  pla<'e  in  medical  literature,  and 
has  done  such  credit  to  the  profeiwion  in  this 
country.  Among  the  iwenly-tnree  conlrlbutor.-i 
are  the  names  o(  the  leading  neurologl<iti)  in 
America,  and  moat  of  the  work  in  the  rolume  In  of 
the  tiighe!'!  order.— flo»^;<n  Jlciteal  and  Hurgicnl 
Jo»r>M2,  July  21,1887. 

We  cunaider  It  one  of  the  erandeat  work.»  on 
Piactii^'al  Medicine  in  the  Engit.«h  language.  It  Ih 
a  work  of  which  the  profentuon  of  this  country  can 
(Ml   prnud.     Written   exilnFlrely   by  Anierl'^ac 


phyalclana  who  are  acauaint«d  with  all  the  Tarie- 
ties  of  climate  In  the  united  aiale!>,  the  character 
of  the  aoil,  the  mannnrfl  and  cuatoiua'of  the  peo- 
ple, etc.,  It  is  peculiarly  adapted  to  the  waoU 
of  American  practlilonern  of  medicine,  and  It 
seema  to  as  that  erery  one  of  them  would  dealra 
io  bare  it.  It  has  been  truly  called  a  "Complete 
Library  of  Practioal  Medicine,"  and  the  general 
practitioner  wilt  require  tittle  elae  In  hla  round 
of  profasaional  duties. — (Xneinnati  Mfiicai  Ne—t, 
March,  1886. 

Each  of  the  volumes  la  prorided  with  a  most 
ooplouB  index,  and  the  work  altogether  promiaae 
to  b«  one  which  will  add  mu>!h  to  the  medical 
literature  of  the  present  century,  and  reflect  great 
credit  upon  the  scholarship  and  practical  acumen 
of  Ita  authors.—  7%e  London  Lancet,  Oct.  3,  1885. 

The  feeling  of  proud  aalistaction  with  which  the 
American  profaiuiioD  aeea  thi*,  ita  representative 
aystem  of  practical  mediciae  isaued  to  the  medi- 
cal world,  la  ruily  Juatlfied  by  the  character  of  tha 
work.  The  entire  caate  of  the  system  ia  in  keep- 
log  with  the  iMst  thought*  of  the  leaders  and  fol- 
lowers of  our  home  school  of  medicine,  and  tlta 
oombinatlon  of  the  aclentiflc  study  of  disease  and 
the  praotloal  application  of  exact  and  experimen- 
tal knowledge  to  the  treatment  of  human  ma>- 
adi«!i,  makes  every  one  of  us  share  in  the  prMe 
that  haa  welcnmod  Dr.  Pepper's  labor»,  .Sheared 
of  the  prolixity  that  wearies  the  reaiier<<  of  iha 
German  Hchool,  the  artlclea  glean  theae  same 
fleldn  for  all  that  Ih  valuable.  It  In  the  niitrnme 
of  Amnrican  braiuti,  and  i»  marked  throughout 
by  miiPh  n(  the  sturdy  io'lependeni'e  of  thniighl 
and  uriifinality  that  la  a  uatiooai  characlerlatlo. 
Yet  nowhere  la  there  lack  of  study  of  the  most 
adTanoed  views  of  theday.— XortV  OutiiMtn.  t&tAi^ 
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£X)THJERGIJLL,  J.  M.,  M.  !>.,  Edin.,  Jtf.  R.  C.  P^ 

fhs**c%ati  to  tM  City  ot  Ltrmlira  Boijittai  for  Pi»tiu*4  of  t*«  Ch«ft, 

The  Practitioner's  Handbook  of  Treatment ;  Or,  The 
pentioE.   New  (third)  edition.    In  one  Hvo.  vol.  of  661  pages.    (Hoth,  fS.T{ 

To  hare  a  dee<;rlption  of  the  normal  physlologl-       Thlx  it)   a  v  tXMk-    If 

cal  procei»ieiii  of  an  orfcnn  aad  of  Ch«  niethoda  of    thIiiKaa  "mtT''  !••  *airr,~thl*kt 

tr«atnnettt    of    ith    morbid    conditlono    brought    ao<'-"'"-i>^h  ti 
itoeether  In  ■  aliiKle  rhkptvr,  and  llic  retalloni  i      ' 
fwiwoen  t)i'  twoplearly  staled,  ranuot  fnll  tn  prove  |  \m 
igrctat  oonTenlenre  to  many  thoiiKhtfiil  but  buiiy    Kf....  „.  .....  j 

thysician^.    The  practical  raluo  of  the  volume  I:)  |  old. — i>v6(iii'  Jrntrnat  vj  Ma 
r^eatly   inrrf^a.'^^d    by   th<<  InirdduclioD  of  many     IBAk. 
IprescriptionH.      That  the    profecMlon    apprerlaten  |      WVdn>M<    i  >'.■-/  ..  ..,-.»«   •• 

wiat  the  author  bafiindprtakiMi  an  Important  Hurk  i  useful  ^^  i  <4' 

LtUnd  ha«  ai'oompU^hod  It  1p  shown  by  the  demand    one  we  —I^tcJr  ', 

for  thU  third  edition.— X  )■.  itf«<.Ju«r.,  June  11,'«T.  I  iiu'ifica/  _ -   .  . 

FA  UGH  A  N,  VICTOlTc.,  Ph.  !>.,  itf.  Z>. . 

Pruf.  of  Phyi.  and  Path.  Chrm.  nnl  Aunt.  Prof,  uf  Therap   and  .M 

and  .VOO'.  FRKJJJ 

It\«lrurti)T  in  Hvjifne  nn^l  /'*•«     > 

Ptomaines  and  Leucomaines,  or  Putrefactive 
Alkaloids.     In  one  )iaiHlM)tiie  r2iuo.  vohiiue  of  311  [mik'" 

Thld  hook  1«  what  has  l>cc-n   wanted  for  »iomc    ol^'terTeni  aO'i 
year*  t.v  l^"-  iiifclir'nl  proffswion.    The  ^nblect  of    and  to  trao» 
ptoinHH  .omalne-.,  00  far aa  their  disease-    of  the   pi 

prodi  .-' are  c'onotrned.ha* been  iindi«r 

'flv 

I   I'rt. 
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REYNOLDS,  J.  RV SHELL,  M.  X>., 

P>  ofe^tor  of  tht  Prineiptu  and  /Vartict  of  Af«ii<tM  in  Untraraitp  ChUtgt,  umam 

A  System  of  Medicine.    With  notes  and  tuklitions  by  HxntT 

I  A.  M.,  M.  D.,  iHie  Prijfeswirof  Hy^ene  in  the  Univendty  '^f  I'-n'—rlrmnia.    la 

nd  hamlsonie  octavo  volumes,  containing  8()56  double<sc>I 
Uions.    Pricepervoliiiue,cloth,(5.00;8heei>.$6.00;  very  bun 
r$6.60.     Per  set,  cloth,  fl5;  leather,  tl8;  naif  Ruatia,  SldU>U 


;i&uitaaua» 


8TILLE,  ALFRED,  M,  D„  LL.  X)., 

Proftttor  EmeriUu  of  the  Thfory  otid  Prtielue  uf  MaL  and  t,f  Ctim^ai  Mtd,  M  <i«  (k^ W  ite 

Cholera :   I  ta  Origin,  History,  Catisnlion,  Kjrtnptoou,  Lesions,  Prerenliaa  ai  b* 
menL  In  one  handsome  12ino.  volume  of  163  {wges,  with  a  chart.  Ciollh$LI& 

FLSLATSON,  JAMES,  M.  D^ Editor, 

Phynnan  and  Lteturer  On  dvivnl  ifedieine  in  the  Otaigou  WtMtam  fiifli  mumy.  tit. 

Clinical  Manual  for  the  Study  of  Medical    Cases.      Witk 

by  Prof.   (Tttirdiier  on  the  Physiognomy  of  Dinease;    Prof.   St«ph« 

the  Female  Organs;    Dr.  Robertson  on  Insanity;   Dr.  (ietainell   on  Pi_^ 
Dr.  CkMit*  on  Laryngoscopy  and  Post-Mortem  Examinations,  and  br  thm  B 
lAking,  Family  History  and  .Sym|)tomBof  Dinonier  in  the  Variotjs  f^hnrtMna. 
In  one  l2mo.'  volume  of  682  {wges,  with  158  illustratioiu.     Cluth,  $2,b[L 
ThU  manual  ii>  one  of  the  moiit  complete  and  I  and  •  Htudv  of    mentis  t..  ih«  «ii4 
It  goM  thoroughly  Into  the  i  fall  _  in   laying    an 


perfect  of  lu  kind         „  _     _ 

lUestloii  of  diiHSnonlfi  from   every  posfilble  point. 


miidl  lead  to  a  thoroughneM  of  ob.Mervation,  an 


atiident  for  fUtur«  . 
—  UfUriil  Rrrttrd,  \ 


?t 

examination  In  detail  of  every  «vieotilio  appliance, 

FENWICK,  SAMUEL,  M.  />., 

Auut(Uit  /'Av«ifiin  to  th4  London  JJf/^yilal. 

The  Student's  Guide  to  Medical  Diagnosis.     Frocn  the  third  i 
eolsrged  English  edition.     Id  one  very  b&ndaome  royal  12mo.  Toltane  of  838 
87  Uliutrations  co  wootl.    Cloth,  $2.26. 

HABERSHON,  S.  O.,  M.  D^ 

Stnior  Phtinieiaiii  to  nnd  lat*  l.*ri.  on  t^inttfiU*  mtd  Priutu-*  of  3ft»i  nt  0«^«  Kf«tmtM,  ^^ 

On  the  Diseases  of  the  Abdomen;    On  ihoae  of  Ui« 

olbermrtfiofth^  Alimentary  Cannl,  fKaophaffiisOmii  ^ < >0* askd  Peril 

Amenuin   from  Ihinl  enlar>re«l  and  revi8e<l  English  ^uilwtt.     In  uom  liamW—  wtt 
volume  of  554  |>agets  with  illutttntlioncc     Cloth.  $3.50. 

TAJiKER,  THOMAS  HA  WKES^mTu. 

A  Manual  of  Clinical  Medicine  and  Phy*'''^"'  '^-■ 
from  the  second    I^ndoii    e«lition.      Revint^i    and 

In  iitip  small  I'Jin"-.  vuliiuie  of  S62  pageti,  with  llluatr 
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BAMTHOLOW,  BOBJEJRTS,  A,  M,,  M,  D,,  LL,  !>., 

Prof,  of  MaUria  Mtdiea  and  Otiwral  Th«n^p«utie*  m  (A«  Jtfferton  Mei.  CbU.  of  PhUtL,  etc 
Medical  Electricity.    A  Practical  Treatise  on  the  Applicationa  of  Electricity 
to  Medicine  and  Surgery.    New  (third)  edition.    In  one  very  handsome  octavo  volume  of 
808  pages,  with  110  illustrations.    Cloth,  $2.50. 

should  read  it,  espeoUlly  when  It  Is  recalled  what 
possibillttM  lie  in  the  path  of  the  further  study  of 


The  fiMt  that  this  wbrk  has  reached  its  third  edi 
tion  in  six  years,  and  that  it  ha«  been  kept  fUUy 
•breaat  with  the  increasing  use  and  knowledee  of 
«Iectricity,denion8trate8  its  claim  to  be  considered 
aAraoUcal  treatise  of  tried  value  to  the  profession. 
The  matter  added  to  the  present  edition  embraces 
the  most  recent  advances  in  electrical  treatment. 
The  illustrations  are  abundant  and  clear,  and  the 
work  constitutes  a  full,  clear  and  concise  manual 
well  adapted  to  the  needs  of  both  student  and 
practitioner.— 7A«  Medical  Seier.  May  14, 1887. 

This  "practical  treatise  on  the  applications  of 
electricity  to  medicine  and  surgery  has  grown  to 
be  so  Important  a  work  that  every  practitioner 


the  therapeutics  of  electricity.  Dr.  Bartholow  bas 
here  presented  the  profession  with  a  concise  work 
that,  beelnning  with  elementary  descriptions  and 
principles,  gradnallv  grows,  page  by  cage,  into  a 
magnffloently  practical  treatise,  describing  opera- 
tions in  detidi,  and  giving  records  of  snocessea 
that  prove  electricity  to  be  marvellous  as  a  curative 
agent  in  many  forms  of  disease.  The  doctor  can- 
not now  do  better  than  to  possess  himself  of  Dr. 
Bartholow's  treatise.  Just  as  it  is.—  VirgUHa  Medi- 
eai  Monthly,  June,  1887. 


BICBJLRD80N,  B,  W„  M,B.,  ZZ.I>.,  F.B.8., 

Allow  of  tin  Sotfol  CoUtgt  of  Ph/iftieiaru,  London. 
Preventive  Medicine.     In  one  octavo  volume  ot  729  pages.    Cloth,  |4;  leather, 
96 ;  very  handsome  half  Russia,  raised  bands,  $5.60. 
Dr.  Richardson  has  succeeded  in  producing  a 


work  which  is  elevated  in  conception,  comprehen- 
sive In  scope,  scientific  In  character,  systematic  in 
arrangement  and  which  is  written  in  a  clear,  con- 
cise and  pleasant  manner.  He  evinces  the  happy 
fiusulty  of  extracting  the  pith  of  what  is  known  on 
the  subject,  and  of  presenting  it  in  a  most  simple, 
intelligent  and  practical  form.  There  is  perhaps 
no  similar  work  written  for  the  general  public 
thatcontains  such  acomplete, reliable  and  Instruc- 
tive collection  of  data  upon  the  diseases  common 
to  the  race,  their  origins,  causes,  and  the  mea.«ure8 
for  their  prevention.  The  descriptions  of  diseases 
are  clear,  chaste  and  scholarly ;  the  dlscuiislon  of 


the  question  of  disease  is  comprehensive,  masterly 
and  fUlly  abreast  with  the  latest  and  best  knowl- 
edge on  the  subject,  and  the  preventive  measures 
advised  are  accurate,  explicit  and  reliable.— 7%« 
Ameriean  Journal  of  the  Medical  Seieneee,  April,  1884. 

This  is  a  book  that  will  surely  find  a  place  on  the 
table  of  every  progressive  physician.  To  the  medi- 
cal profession,  whose  duty  is  quite  as  much  to 
prevent  as  to  cure  disease,  the  book  will  be  a  boon. 
— Boeton  Medical  and  Surgical  Journal,  March  6, '84. 

The  treatise  contains  a  vast  amount  of  solid,  val- 
uable hygienic  information.— Jfedteat  and  S^gieal 
Reporter,  Feb.  23, 1884. 


TB:B  YMAB-BOOK  of  TBBATMENT  fob  1889, 

A  Comprehensive  and  Critical  Beview  for  Practitioners  of  Medi- 
cine.   In  one  12mo.  volume  of  349  pages,  bound  in  limp  cloth,  $1.25.    Ju^  ready. 
«*«  For  special  commutations  with  periodicals  see  page  2. 

THE  YE AB' BOOK  OF  TBBATMENT  FOB  1887. 

Similar  to  above.    12mo.,  341  pages.    Limp  cloth,  $1.25. 

Thia  is  one  of  the  most  valuable  books  for  its 
price  which  is  published  in  this  or  any  coun 
iff.  It  contains  a  summary  of  the  changes  in 
medical  practice,  the  new  remedies  introduced, 
and  the  experience  with  them  and  with  others 
which  have  been  longer  in  use,  during  the  year 
1887,  made  up  from  the  reading  and  observation 
of  a  number  of  very  capable  men.  The  olassi6ca- 
tion  is  according  to  diseases,  so  that  one  who  con- 


sults these  pages  can  obtain  in  a  few  minutes  an 
excellent  idea  of  the  present  status  of  therapeu- 
tics in  regard  to  anv  given  ailment.  The  l>ook 
also  has  a  good  index,  by  meaos  of  which  the 
reader  may  ascertain  the  different  diseases  for 
which  any  particular  drug  has  been  used  dtirlng 
the  year  past. — Medical  and  Surgical  Reporter, 
April  14, 1888. 


TBE  TEAB'BOOK  OF  TBBATMENT  FOB  1886, 

Similar  to  that  of  1887  above.    12mo.,  320  pages.    Limp  cloth,  $1.25. 

SCBBEIBEB,  DB,  J08EFH. 

A  Manual  of  Treatment  by  Massage  and  Methodical  Muscle  Ex- 
ercise. Translated  by  Waltbk  Mendeubom,  m.  D.,  of  New  York.  In  one  handsome 
octavo  volume  of  274  pages,  with  117  fine  engravintcs.    Juist  ready.    Cloth,  $2.75. 


This  is  a  work  abounding  in  common  senfe,  a  , 
book  that  sweeps  away  a  great  deal  of  nonsense  \ 
by  which  a  simple  matter  has  l>e«n  made  obscure, 
•  volume  that  ought  to  be  read  by  every  one  inter-  | 
ested  in  modem  therapeutics.     The  work  glve» 
Admirable  directions  for  the  employment  of  mas- 
sage, and  capital  descriptions  of  methodical  exer- 

8TURGE8'  INTRODUCTION  TO  THE  STUDY 
OP  CLINICAL  MEDICINa  Being  a  Guide  to 
the  Investigation  of  Disease.  In  one  handsome 
ISmo.  volume  of  127  pages.    Cloth,  tl.2S. 

DAVIS'  CLINICAL  LECTURES  ON  VARIOUS 
IMPORTANT  DISEASES.  By  N.  S.  Davis. 
M.  D.  Edited  by  PaAMX  H.  Davu,  M.  D.  Second 
edition.    12mo.  287  pages.    Cloth,  tl.76. 

TODD'S  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISBASEa  In  one  octavo  volume  of 
SaOpagM.    Cloth,  t2.S0. 


cise,  after  which  there  in  a  detailed  account  of  the 
results  of  treatment  of  ditferent  diseases  by  these 
methods.  A  full  bibliography  adds  to  the  value  of 
the  volume,  which  can  be  recommended  as  one  of 
the  best  on  the  Mubjects  with  which  it  deals. — 
Edinburgh  Medical  Journal,  April,  1888. 


PAVY'S  TREATISE  ON  THE  FUNCTION  OF  DI- 
GESTION; its  Disorders  and  their  Treatment. 
From  the  second  I.>ondon  edition.  In  one  octavo 
volume  of  238  pages.    Cloth,  t2.(X). 

BARLOW'S  MANUAL  OF  THE  PRACTICE  OF 
MEDICINE.  With  additions  by  D.  F.  Ooanix, 
M.  D.    1  vol.  8vo.,  op.  Wn.    Cloth,  32.60. 

CHAMBERS' MANUAL  OF  DIET  AND  REGIMEN 
IN  HEALTH  AND  SICKNESS.  In  one  band- 
some  octavo  volume  of  902  pp.    doth,  9S,7& 

HOLLAND'S  MEDICAL  NOTES  AND  REFLKCb 
TIONS.  I  vol.  8vo.,  pp.  488.    Clothe  <SJn. 
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Lba  Brothers  &,  Co.'s  Publications — Tbroat,  Lanci,  Mam, 


PhTMil 


FLINT,  AUSTIN,  M,  !>.,  LL,  !>., 

ProfuMr  of  the  Principle*  and  Praeliet  of  Mtdtetn*  in  BeO^wtU  HotpUal  Mm 

A.  Manual  of  Ausoultation  and  Percussion ;    Of  the 
Diaeues  of  the  Lungs  and  Heart,  and  of  Thoracic  AneoriNCD.      Foonh 
handsome  rojaJ  12ino.  Tolumeof  278  pages,  with  14  illuBtrationa.    C!ot}i,|iri 

The  oriRiDAl  work  done  by  Dr.  Flint  In  the  Hevel-  |  ffkt»ed  thronjt''-  ' '"-\t 

opmentof  the  art  of  phyi«lc»l  dlagnonlBwill  tUways 
muke  thin  maDiikl  nn  nathorily  on  this  Fubject. 
Among  ail  the  works  iaaaed  on  IhiR  topic  during 
the  iBHt  few  yew,  none  excerda  thlw  one  in  Bfm- 
pllcltj'  and  oompleteneM.    The  tact  that  it  hM 


-I  nag 


There   la 

clans  to  tnak- 

morhid  ^haat  w^iinn^,  and  i 

oonolaeiieaa  of  Dr.  FlUitia  .         

adTantages  — UeiUetU  Atier4,Jmml 


B  r  TBB  SAMB  A  VTBO&. 

A  Practical  Treatise  on  the  Physical  Exploration  of  thA( 
the  Dia^osis  of  Diseases  Affecting  the  Respiratory  Orgaai. 
revUed  eiiition.     In  one  bamisome  wtavo  TcUrnne  of  591  pngcOb     Clc4li,  HA 

Phthisis :  Its  Morbid  Anatomy,  Etiology,  Symptonuitie  \ 
Complications,  Fatality  and  Prognosis,  Treatment  and 

nosis;  In  a  series  of  Clinicnl  Studies.     In  une  bandsonne  octaro  rotnnt  rfi 
Cloth,  $3.50.  

A  Practical  Treatise  on  the  Diagnosis,  Pathology  and 
Diseases  of  the  Heart.    Second  revised  and  enlaixed  editiuoi.    la  a 

of  550  ])ages,  with  a  plate.     Cloth,  $4. 

Essays  on  Conservative  Medicine  and  Kindred  Topics,  tic 

some  royal  12mu,  Tolume  of  210  puges.     Cloth,  $1.3'^. 


BROWNE,  LENNOX,  F,  R,  C,  S.,  JB., 

Sentiir  PHt/tieian  to  Vie  Central  London  Throat  and  Bar  Jfoitpital. 

'  A  Practical  Quide  to  DisecMes  of  the  Throat  and  J[tmt, : 
Associated  Affections  of  the  Ear.    With  120  illu»tratlona  in  cbla;^ 

gravings  nn   viroo<I  designed  and  executed  by  the  Author.     New  (iraai)) 
edition.     In  one  imperial  octavo  volume  of  628  pages.     Cloth,  $6. 

Mr.    Browne's   book    can   be  recommended  to  |  worthy  featurtt  ia  tfa«c  froa 
BtadenlA  and  Htlll  more  to  praclUloDer*  a»  a  cleftr,    Browbe,  whilst  siTtng 

i»ouDd  and  practical  guide  to  the  dlagaoxlx  and i    . 

treatment  nfdi.ieaMf)  of  the  throaL  flla  experi- 
enoe  U  not  only  large,  bat  ripe,  and  he  elreB  bis 
readers  the  full  beneflt  of  it.    A  particularly  praise- 


mea«nre«,  n«rer  faila  to  I 
Bupplementing    th«iM    bf   ■ 
treatment. — Ltrttdon  MtHctl 


SELLER,  CARL,  M,  />., 

Lettitrtr  on  Larynguttppi/  in  Dii  Univtrtity  of  Ptmuylvama. 

A  Handbook  of  Diagnosis  and  Treatment  of  Diaeaaesof  1 
Nose  and  Naso-Pharynx.    New  (tbini)  edition.     In   ooe  I 
volume  of  S73  pages,  with  101  illuBtratioDB  and  2  (»lored  platca.   CloCb,  ttM,t 

GROSS,  S,  n.,  M,D.,  LL.D.,  n,C,L.  Oxot^,  LL.i 

A  Practical  Treatise  on  Foreign  Bodies  in  the  Air>] 

octavo  volume  of  452  pages,  with  59  illustrations.     Cloth,  92,lh. 

COHEN,  J,  SOLIS,  M.  !>., 

litcturer  on  Laryngoitopy  and  Dittatt*  of  th»  nroat  and  Chest  *m  iKt  J^t 

Diseases  of  the  Throat  and  Nasal  Passages.     A  Ouide  to  th* 

Treatment  of  Affectiona  of  the  Pharynx,  (Esophagus,  Trachea,  Larynx  and 
edition,  thoroughly  revised  and  rewritten,  with  a  large  number  of  new 
ooe  very  handsome  octavo  volume.     Preparing. 


BROADBENT,  W,  H.,  M,  Z>,,  I,  R,  C.  J»., 

Phytieian  to  and  Lectarrr  on  JUadioint  at  St.  Mairyft  Botpttnt. 
The  Pulse,    in  one  12mo.  volume.   Preparing.    See  Seriem  of  CInucal 


rfJTeJI 


FULLER  ON  DISEASES  OF  THE  LUNGS  AND 
AIR- PASSAGES.  Their  PMhology.  Phyelcal  Dl- 
afBoeiii,  Symptoms  and  Trt*atm<<at  From  the 
NOOnd  aud  revJHed  Kngllnh  <.*ditlon.  in  one 
oelATO  rolume  of  -iT.S  pagp*.     Clfilli,  H.ft<i. 

BLAIjEON  DIHHTHERIA.  Hk  .V»lur.«  and  Treat- 
ment, with  an  acrounl  of  ittti  UiHUiry  uf  Ite  Pre- 
Talenre  In  varldii"  i  >iniiiri....  Hfi^in.land  revloed 
edition.     In  on^i  1  :     IM     riotli,  ll.ift. 

WAI^IIK  ON  THl  i>|.    IHE  lltAKT 

A*ri>  GREAT  \tJ-^. .lard  Aniurleao  edl- 

kkMi.    In  1  vol.  Sto..  Uo  v^    Clott\,  %ii<tk 


SMITH  ON  CX»NSlt]tfpriON:  !»(«•«« 

.f'^       ^.  .osj^aaO-U 

^■^  loKfi.    ImLm 

pi. 

Wli 

11- 
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Lea  Bbothkbs  Sl  Co.'b  Fublioationb — Nerv.  aud  Meat.  Dls.,  etc. 


BOSS,  J  AMES f  M,I>,,  F,It,€.P.,  LL,I>,, 

Stnior  Auxtiant  Phyrinan  to  tht  ManeJutttr  Roj/nl  Jri/trwwu-y. 

A  Handbook  on  Diseases  of  the  Nerrous    System,     in  ooe  ocUto 
volume  of  72.')  |MMte«,  with  184  ilhimrafKinB.     Cloth,  $4..')0 ;  leather,  $5.50. 

ThiK  Adniinble  work  in  intended  for  Ntudenta  of  '  the  departmeDt  of  rn«>dlclno  of  which  it  tr«sta. 
nie<jicliif>«nd  fur  iiucti  medical  menu  hare  Dolime  Dr.  Roaa  holdK  Kuch  «  high  ficionlific  (•Oftillon  lh»t 
for  IcDRthy  tre»tlee».  )u  the  present  ioittADiie  the  i  uiy  wrltinK^  which  boar  lilx  Dame  are  n»iur>Jlr 
duty  01  u-rauglnK  the  v&f  ( jitore  of  in»t«ri«l  ml  the  expected  to  hkTe  the  ImproM  of  ■  powerlui  Intef- 
diepoaAl  of  tlie  author,  and  of  abrl'lglnK  the  de-  leol.  Id  every  part  this  handbook  merite  tne 
■criptioD  of  the  Hitl'itrent  anpect*  of  oerrou*  din-  higheat  praise,  and  trill  no  doubt  >>«  found  of  the 
trarffT.  baa  been  performed  wtlhsiDKiilar  skill,  and  i  irreateat  ralne  to  the  student  aa  well  aa  lo  the  prao- 
tbe  reaull  li  a  concise  and  phllooophkoal  KUide  to  i  lltioatir.—Bdinburgh  it*dit<U  Journal,  Jan.  IWT. 

MITCHJELLf  S.  WEIB,  M.  2>., 

Ph^neum  to  Orthopaedic  Buapital  and  Iht  InfiriiMry  f<tr  DdtateM  of  tJU  Htvou*  Svtttm,  PH%ta^  tte. 

Lectures  on  Diseases  of  the  Nervous  System;  Especially  in  Women. 
SeooDil  edition.     In  one  12mo.  volume  nf  288  pngee.     Cloth,  $1.75. 

No  witrk  lu  uiir  language  devdlopii  or  dIaplayM  {  teaohinKn  the  Htamn  of  adtlniritjr  all  over  the 
more  f«atll^e^  of  thai  manytiided  affection,  hya-  realm  of  medicine.  The  wurii,  allhotigh  written 
teria,  or  glres  clearer  dlrectlona  for  it«  dineron-  by  a  specialist,  has  ua  exciuHivc  ohanacter,  and 
tlatlon,  or  sounder  BuggeHtlon!*  reiativn  to  ita  the  general  practitioner  aborc  ail  othern  will  And 
Mneral  management  and  trealroent.  The  book  itM  periiH-U  proRiahle,  «ino«  It  deala  with  dlaa«a«a 
U  |i*rtioulariy  valuable  in  that  It  repre<ienl«  in  '  which  he  froquenily  encounter!*  and  niunt  aaaaj 
the  mala  the  author'*  own  ollaical  •ludie*.  which  !  U>  treat.— drntricofi  Praetitiuntr,  August,  1886. 
bare  be«n  no  extensive  and  fruitful  as  to  give  hi*  | 

HAMILTON^  AZLAX  McLJJHE,  If.  JD., 

AlttmUng  Phf/ncutn  at  tin  Ho*pitiU/or  Bptieptiet  and  Paralf/tia,  BtnekuMt  ttland,  N.  T. 
Nervoua  Diseases ;  Their  Deacription  and  Treatment.     Secrmd  edition,  thoroughlj 
revised  .ind  rewritten.    In  one  octftvo  volume  of  598  pages,  with  72  illustrations.    Cloth,  $4. 
When  theflntteditiun  of  thi*-  gtx>d  book  appeared    characterixed  thiii  book  ao  the  best  of  its  kind  tn 


we  gave  it  our  emphatic  endorKament,  and  the 
present  edition  enhances  our  appreciation  of  the 
book  and  Its  author  as  a  xafe  guide  to  ^(udeDU  of 
<<linleal  neurology'  *i>i<i  of  the  tre^t  And  mo.'t 
critical  of  EnglittTi  neurological  journals.  Brain,  has 


any  languase,  which  1«  a  handsome  endoraemeot 
from  an  exalted  sonrce.  The  improremeDta  in  the 
new  edition,  and  the  additions  to  It,  will  JnatilV  Ita 
purctaaM  even  by  thoee  who  poaaesi  the  old.— 
AUtnUl  and  tfturologut,  April,  1812. 


I 
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TUKE,  nJJTLEL  HACK,  M.  D., 

Joint  Mttltor  of  Tht  MfmuU  of  Pnychologwii  Mtd^cine,  etc. 

Illustrations  of  the  Influence  of  the  Mind  upon  the  Body  in  Health 
and  Disease,  liesigned  to  elucidate  the  Action  of  tlie  Imagination.  New  edition. 
Thorriiiglitv  revised  Hnu  rewritten.  In  one  handsome  octavo  volume  of  467  pages,  with 
two  colored  plates.     Clolii,  |3.00. 

It  Is  l«nf>o».ilble  topeni.Hethese  Inlere-tlngchap-  method  of  interpretation.  Guided  by  an  eniight- 
teni  without  being  convinced  of  tiie  authors  per-  ened  deduction,  the  author  ha*  reclaimed  for 
feet  sincerity.  Impartiality,  and  thorough  mental  science  a  moat  Interesting  domain  in  paycholocr, 
(ra*p.  Pr.  Tuke  has  exhibited  the  requisite  previously  abandoned  to  churlaiana  and  emplnoa. 
amount  of  sclenlifle  addre.^.i  on  all  occasions,  and  This  l>ook,  well  conceived  and  well  written,  moat 
(he  more  intricate  the  pheuomeauthe  more  flnuly  |  commend  itself  to  every  thouchtfHil  understand* 
has  he  adhered  to  a  physiological  and  rational  i  log. — Now  Fort  Jfsdun/ youma^ September  8, 1M4. 

CLOUSTON,  THOMAS  S.,  M,  D.,  F,  B.  C.  P.,  i.  B.  C.  S,, 

Ltfturtr  on  Mental  DittliM  in  <A«  l/nner$\tv  o/  Edinburgh, 

Clinical  Lectures  on  Mental  Diseases.  With  an  Appendix,  containing  an 
Abstrui-t  of  the  Statutes  nf  llie  United  .'^tatess  iinJ  of  the  Several  States  and  Territoriee  re- 
lating to  the  Custody  of  the  hi-iane.  By  Chaklis)  F.  Folsom,  M.  D.,  ARsiatant  Profeoor 
of  Mental  Diseases,  Med.  I>ep.  of  Harvard  Univ.  In  one  hamluome  octavo  volume  of  641 
pag«e,  with  eight  lithograpluc  plates,  four  of  which  are  beautifully  colored.     Cloth,  $4. 

The  practitioner  xf  well  as  the  t^tudent  will  ac-  the  general  practitioner  in  guiding  him  to  a  diac- 
ceptthe  plain,  practical  teaching  of  the  author  a»  a  nosis  and  indi(?«UDg  the  treatment,  especially  Tn 
forward  step  fn  the  literature  of  Insanity,  ll.is  many  ohecure  and  aoubtful  cases  of  mental  dia- 
refre!<hing  to  find  a  physician  of  lir.  Clonsion's  ease.  To  the  American  reader  Dr.  Folaom'a  Ap- 
experience  and  high  reiiiiiAtion  giriug  the  bed-  pmdir  ailds  greaUr  lo  the  value  of  the  work,  and 
aide  notes  upon  which  tils  experience  h»<i  been  will  make  It  a  deeirable  addition  lo  every  library, 
founded  and  his  mature  Judgment  eKlabli^theil.  ~Am«ri«an  Pti^ehoUtyiealJournal,  Jaij.liM. 
Such  clinical  obxervatioos  cannot  but  li<>  useful  to  , 

g^Dr.  Folaom'a  Abatraet  may  also  be  obtained  separately  in  one  octavo  volume  of 
108  pages.     Cloth,  $1.50.  

SAVAGE,  GEOBGE  H.,  M.  -D., 

Lteiurrr  on  ifenlal  Disense*  iit  Ovy't  UoKpitai,  London. 

Insanity  and  Allied  Neuroses,  Practical  and  ClinicHl.  In  one  12mo.  vol. 
of  551  pages,  witl»  18  ilius.     Clolh,  $2.00.     See  Sfrie*  of  Otinitat  JUanuaJ*,  page  4. 

PLAYFAJB,  W.  S.,  M.  Z>.,  F,  B,  cTt, 

The  Systematic  Treatment  of  Nerve  Prostration  and  Hysteria.    In 

one  hundfotue  small  I2mo.  volume  of  97  pages.     Cloth,  $1.00. 

Blandford  on  Insanity  and  ita  Treatment :  LecVuxcc  (>w  Wa  '^TOJt.VGQRxxv., 

Medical  and  Legal,  of  Innnne  i^allenU.    la  one  very  handsome  oe\*vo  io\ui&«. 


20  LxA  Bbothsbs  &  Co.'s  Pcbucations — Sargerj, 

A8HHJIR8T,  JOHN,  Jr,,  M,  JD., 

Frofi*$or  of  Qinieal  Suryery,  Umv.  of  Penna^  Suryaon  to  Uu  Bpiaeopal  BMf^  H^h 

The  Prmoiples  and  Practice  of  Surgery.    New  (fourth)  edia«M_ 
and  revised.    In  one  large  and  handaome  octav-o  Toliime  of  1114  pages,  vidiii:^ 
tions.    Cloth,  $6 ;  leather,  $7 ;  half  Buana,  $7,50. 


ETery  ad  ranee  ia  •nr||eT7«arttsgt&a 
cled  in  recent  lltermtore,  bwbMiN 

niied  and  noted  in  it» proper ?!•*. 

amy,  we  renrd  Awhhumt't  'stttfnf.  ■  m\ 


As  with  ErichMn  so  with  Anhhurst,  its  position 
In  professional  fsror  Is  established,  and  one  has 
now  but  to  notice  the  changes,  if  any,  in  theory 

and  practice,  that  are  apparent  in  the  present , ,  ..  _  .^ •-.  .>^_„,  „. 

af  compared  with  the  precedlngedition,pabliHhed  i  seated    in  The  fourth  •ditinn.M  i^le 
three  vears  ajco.    The  work  ha*  been  brought  well    Tolume  on  «ur^erv  pabli*he(i  ii  thbk. 
np  to  date, and  Iv  larger  and  better  illa»trated  than    guaf^e,  Teluahte  af  ike  to  the  xalmiHai 
before,  and  its  author  may  rest  aMured  that  it  will    titioner,  to  the  one  a*  a  textb'vk.  t» 
certainly  have  a  "continuance  of  the  faror  with  .  a  manual  nfurartieal  ■urwtr.   rsbM__ 
which   It   has   heretofore   been  receifed."— TA*    gire  thi<a  Tofunie  our  endor«ea«i  ji^ 
Ameritan  Journal  o/  tht  Jlt'tient  Srifneea,  Jan.  IMfi.  '  Orltarut  Meiiiral  an.!  S-r<Tinl  JMne,jm.U 


OB088,  8.  D.,  M.  I),,  LL,  X>.,   X>.  C  X.  Oaron,,  ILi 
Cantab.f 

Emtritut  ProftMor  of  Surgery  in  t)u  Jtgtrwon  ifedieal  OolUgt  of  PhiUhUpki^ 
A  System  of  Surgery :    Pathological,   Dia^ostic,  TheraMuik  nc  ( 
Sixth  edition,  thoroughlj  revised  and  greatlv  improVed.      In  two  Urn  »d1 
printed  imperial  octavo  volumes  containing  2382  ragreH,  illustrated  }it  ]^ 
^tronglv  bound  in  leather,  raised  bands,  $15 ;  half  Riilssia,  raiseii  banU,  {16. 

It.  Gross"  Sufimn  of  Stirneru  ha^  long  been  the  '      Hie  Su'tan  ot  Siir^fni^-wY-MuVU**,.^^ 
standard  work  on  that  jiiibjert  for  students  and    tion   in    1H%.    has  i«eD  a  «uD<iir4  m  :i 
praotliionenf. — LoMon  Laieet,  May  10,  ISM.  country   as   wrII   ai>   in  AiB»ryx  n  ' 

The  work  as  a  whole  needa  no  commendation,    domain  of  ourgery,"  telN  h^.'*  (a-f?4 
Many  year*  ago  it  earned  for  itself  the  enrialile    ouh  and  wiiie  a  lourgeon  ht-  ait,  c-« 

repuution  of  the  leadinx  American  work  on  sur- .  he  appreciated  the  work  dow  br  m 

gery,  and  It  is  still  oanable  of  maintaining  that '  countries,  and  how  much  he  ecDi>tt*(ii 
standard.  A  oon^iderable  amount  of  new  material  mote  the  Hcience  and  prani-:*  of  «=ei*si 
nas  been  introduced,  and  altogether  the  distin-    own.     There  ha.«  been  do  cub  v  sub  M 

Klsbed  author  hai>  reaKin  to  be  satisfled  that  he    Is  so  much  Indebted  in  thi«  rmM  M»h 
s  placed  the  work  ftally  abreast  of  the  state  of   of  surgery. — Brtttth  Mtdioti  Jof^tfii 
oar  knowledge.— Jtfcd.  Sseord,  Not.  18, 188S. 

DMUITT,  BOBERTy  M.  B.  C.  S,,  etc. 

Manual  of  Modem  Surgery.  Twelfth  edition,  thormighlr  nrsii  ba 
LEY  Boyd,  M.  B.,  B.  S.,  F.  R.  C.  S.  In  one  8vo.  volume  of  965  pages,  wilt  nil* 
tions.    Cloth,  $1 ;  leather,  $5. 

It  is  e<<<ent!allT  a  new  book,  rewritten  from  be-  Pmltt's  Surgery  has  been  to,  rvfi:^* 
ginnini;  i«>  end.  The  editor  ha-  hroiiRht  hi»  work  lar  work  in  tlie  nrofe-oion.  '.\  i*  'jwi  i' 
upiotlie  latent  date,  nnd  nrwly  ererj- subject  on  copies  have  iwen  wld  in  En slisi  »:::•" ' 
wnich  the  stuilent  and  praciitti'-ner  would  desire  I'nited  Sratei,  ever  since  it*  Sr»:  «!«,:*• 
toeonsnii  a  stirKical  Toliime,  liao  found  its  place  used  as  a  text- book  to  a  Terr:a.-nffiBl 
here.  The  volume o!i-*e.*  with  about  twenty  pages  ing  the  late  war  in  thi«  ccnotrrii  ■•«* 
of  formulw  coTeriHK  a  broad  range  of  practical  appreciated  that  a  copy  wm  is«Qe4ll*B^ 
therapeutics.  The  student  will  find  that  the  new  ,  ment  to  each  sunceon  The  rieaecioi' 
Druitt  is  to  thi:<  fceneration  what  the  old  one  was    It  has  the  name  feature*  pecaliwvaiis'^ 


the  former,  and  no  higher  praise  need  be  first,  embodies  all  recent  di.««»««»~ 
accorded  to  any  Toliinne.— .V^rM  Oi'-o'ini  Medical  and  ie  fUlly  up  to  the  timet.  Ovi^ 
Jouma'.  Octol'er,  lv»T.  ,  .^'eu-a,  September,  1887. 

BALL,  CH.ABLES  B,,  M.  Ch,,  2>m&.,  jp.  B.C.8.1^ 

Surytfn  Old  Tttieher  at  Si'-  P.  Dun't  HoapttiU,  Duhlin. 

Diseases  of  the  Rectum  and  Anus.  In  one  12mo.  volume  ol  C* 
with  54  ensrravings  and  4  coloreil  plates.  Cloth,  $2.25.  Jiut  read;/.  SetSni*'^ 
Manunlf,  pape  4. 

It  is  a  pleasure  to  read  an  exhaustiTe  and  well-  j  has  dona  for  intestinal  obmsraa.  *' 
arranged  N^^k.  such  a*  the  one  before  ns.  It.  works  are  alike  creditable— .IT  Jf^'^ 
covers  a!!  the  ground,  and  yet  i«  written  in  aterse    Jan.  28,  1888. 

and  rouoive  iktrle  th.<i:  makes  it  exceedingly  good  A  capital  book  in  aeM)U!<»re-^ 
readinic.  The  work  i*  far  in  advance  of  the  ordi-  manuals.  Thoroughly  pnirti^itii^*'**^ 
nary  text-h.x>k  on  this  *i»e<-ialty.    It  is  very  com-    henaive  and  condensedand  ib*  afv^" 


t 


very  com-    henaive  and  condensedand  the  ?!>■*»•:■, 
njMirunee    find  but  little  u»e  for  any  mftt  •'»'«»'"i 
for  rectal    the  subjeot.     Mr.  Ball  is  a  moi 
surgerv  what  Treves  in  the  companion  volume  '  Tike  Jfniteof  Scwt  Feb.  4,  IJSc 


plete.and  the  matter  is  all  >->t  practical  imp«>rtanee    find  but  little  u»e  for  any  a'x*  tiMe< 
and  well  arr:t;it:ed.  The  writer  has  done  for  rectal    the  subjeot.     Mr.  Ball  is  a  mo*  jr^^** 


GIByEY,  r.  p..  Jf.  !>., 

Sw^t.>'t  fo  tht  O^hiiptniie  Hcmital,  Xtm  York,  etc 

Orthopeedic  Surgery.    For  the  nse  of  Practitioneia  and  Stodcou.  Ib*' 
some  ixtavo  volume,  pix^tuselv  illustrated.    Preparing. 

BOBEBTS,  ,/.  B.,  JT.  !>.,  and  JUOMTOK,  T,  S.  Jm*' 

Ltfturt^  i^  A-'-f'-it.  ■i'-i  >t  Optntrtif  gurj/ery  Adjunct   Pr*  f- *B9r  of  Oprr^rf  iT ' 

»«f  tSt  /'\i'ii»lfi'f*i,i  S'iiXH  \>f  Atatomm.  ihlU'tdeJphia  /'■•<»rJ-'* 

The  Principles  and  Practice  of  Modem  Surgery.    FortiM w*^ 
and  I'raoiitionery  i^t  Me>lioineand  frSuneiy.    In  one  Teiy  haodaoine  oettionia>'' 


\ 


I 


BJRICH8BN,  JOHN  B,,  F.  B,  8„  B,  B*  C.  8., 

Prof  tutor  of  Surgery  in  Omvertity  Cblltge,  l/mdon,  tte. 

The  Scienoe  and  Art  of  Siirgery ;  £eing  a  Treatue  on  Surgical  Injuries,  Di*- 
essea  and  Operations.  From  the  eighth  ana  enlarged  English  edition.  In  two  large  and 
beaatifiil  octavo  Tolomee  of  2316  pages,  illustrated  with  984  engravings  on  wood. 
Cloth,  $9;  leather,  raised  bands,  $11 ;  naif  Ruasia,  raised  bands,  $12. 

W«  hare  alwajm  regarded  'The  Bcleooe  and  ;  marked  the  progreu  of  surgery  during  the  Iwt 
Art  of  Surgery"  ait  one  of  th»  b^.it  norgiral  text/-  docade  haa  oeea  omitted.  The  llluatratioDf  are 
bookn  in  (he  EngUBh  laagiiaxe,  and  tlili*  eighth  man;  and  eiecated  in  the  higheiit  ctyle  of  art. 
edition  only  confirm*  our  previouK  opinion.  W*  — /y'.um>i//«  JIfedimi  JVo^a,  Feb.  14,  ISlU. 
t»ke  great  pleasure  in  cordially  conimending  it  to  '  We  rannot  apeak  too  highly  of  Iblji  excellent 
our  roadera.— T%«  Jfedical  NefM,  April  I],  1HHS.  work.  It  reprosenu  the  moelaJvanced  and  settled 

For  many  years  thl»  olasaic  work  hav  been  views  in  regard  to  the  Miienre  of  niirgery,  and  will 
naade  by  preference  of  teacher.*  Ihe  prlnclp«l  I  erer  )«  found  a  faithful  auldc  and  counaellor  in 
tezt*book  on  lurgery  for  nipdloal  sludenic,  while  praotioe.— Cnna<ia  Z.aiicf/,  Miky,  \iiHfi. 
through  Iranelatlcins  into  the  leading  continental  {  Itappearfi  almultanemixly  I'n  England,  America, 
languages  it  may  be  said  to  eulde  Ihe  purgical  .Spain  and  Italy,  and  is  too  well  known  mt  a  lafe 
teachiQgaof  the  rlTllltad  world.  >o  exoellenoe  I  guide  and  familiar  friend  to  need  further  rom- 
of  the  former  edition  has  been  dropped  and  no  I  menL — Anv  York  Madical  Journal,  March  S8, 18&V 
dlaeorery,   device   or   improvement    which    haD  | 

BRYANT,  THOMAS,  F,  B,  C.  8,, 

Sttrfiton  and  Lteturer  on  Surgrry  nt  Ohiy'i  Hospital,  LonAon. 
The  Practice  of  Surgery.     Fourth  American  from  the  fourth  and  revised  Eng- 
lish etlition.     In  one  large  ann  very  handsome  imjwrial  octavo  volume  of  1040  pages,  witn 
727  illuBtratJona.     Cloth,  fti.oO ;  leather,  $7,50;  half  Russia,  $8.00. 


The  fourth  edition  of  this  w>irk  l»  fully  ahreaot 
of  ihe  tlnio^.  The  author  handles  hl«  i«ub)ecti« 
with  thai  degree  of  jurlitment  and  !ik ill  which  in 
attained  hy  yenrn  of  patient  toll  and  varied  ex- 
perleuc'o.  The  present  edition  l»  a  thorouRh  re- 
vlaion  of  lho!t(>  which  preceded  It,  with  much  new 
matter  added.  Hit)  diction  Is  no  graceful  and 
logical,  and  hia  expianationn  are  so  lucid,  a*  to 


enable!  the  busy  practitioner  to  review  any  Huhject 
In  every-day  practice  in  a  short  time.  No  time  Is 
lost  with  uselese  theoried  or  Hiiperfluous  rertiage. 
In  fihort,  the  work  ii  eminently  clear,  logical  and 
praotJcal.— CAifrn^o  Mudienl  Joumnl  ami  Srnmintr, 
April,  IsM. 
Thio  )x>ok  li  essentially  what  it  purports  to  be. 
logical,  and  hIa  explanations  are  so  lucid,  a*  to  rfz :  a  manual  for  Ihe  praclire  of  surgery.  It  is 
pla<:>e  the  work  among  Ihe  higheat  order  of  text-  I  peouliarljrwellfiited  for  iheHiudentorViusy general 
books  for  the  medical  .^ludent.  Almost  every  i  praetilioner.— 7'A«  Afcdirti;  A«ir«,  August  l.'S,  188.5. 
topic  Id  surgery  is  presented  in  such  a  form  as  to  I 

TBEVBS,  FREDERICK,  F,  B,  C  S., 

Buriterian  Proftuor  at  Iht  Royal  Ct>U«gt  of  Surgtotu  of  Bnqland. 

A  Manual  of  Surgery,  in  Treatises  bjr  Various  Authors.  In  three  12mo. 
Tolumes.  containing  1866  pngea,  with  213  engravinga.  PricA  per  volume,  cloth,  $2.  See 
Studmia  Seriee  of  Manval»,  page  4. 


page 

We  have  here  the  opinions  of  thirty-three 
aathors,  in  an  eccyclopiedlc  form  for  easy  and 
ready  reference.  The  three  vnlumes  embrace 
every  variety  of  i>urgloal  affections  likely  to  be 
met  with,  the  paragraphs  are  short  and  pithy,  and 
the  salient  polntj^  and  the  beginnings  of  new  sub- 
Jecta  are  always  prinlad  in  extra-heavy  type,  no 
that  a  person  may  find  whatever  information  he 


in  the  choice,  arrangement  and  logical  sequence  of 
the  subjects.  Kvery  topic,  as  far  as  observed,  is 
treated  with  a  Ailness  of  eaaentlai  detail,  which  Is 
somewhat  .aiirprisinK.  Another  characteristic  of  the 
work  is  the  woll-nigh  universal  acceptance  of  mod- 
em and  progrepiBlve  views  of  pathology  and  treat- 
ment. The  entire  work  Isconcelved  and  executed 
In  a  scientific  spirit    It  contains  the  bone  and  mar- 


may  be  In  need  of  at  a  moment's  glance. — CSn-  i  row  of  modern  surgery. — Aimatt  of  Surgery,  Oot. 
annnti  Laneet-ntnte^  August  21,  1886.  1880. 

The  hand  of  Mr.  Treves  li  evident  throtighont  i 

BVTLIN,  HENRY  T.,  F.  R.  C.  8., 

Ainttant  Surgeon  to  St.  Barlhoiomnc't  Botptlal,  London. 

Diseases    of  the  Tongue.     In  one  12mo.  volume  of  456  pages,  with  8  colored 
plates  an<l  ^  wtwxUnita.     C'loth,  $3.50.     See  Seriu  of  Clinieai  Manwdn,  page  4. 

The  language  of  the  test  Is  clear  and  concise,    vententtv  scattered  through  general  works  on  snr- 
The  author  has  aimed  to  state  facts  rather  than  to    gery  and  the  practice  of  medicine.    The  physiotan 
express  opinions,  and  has  compressed  within  the  :  and  surgeon  will  appreciate  its  value  as  an  aid  and 
compass  of  this  small  volume  the  pathology,  etiol-    guldsi.— /'Ayiicton  and  Surgtoii,  Sept.  1886. 
og7,  etc,  of  dlseaaes  nf  the  tongue  that  are  incon- 1 

TREVES,  FBEDEBICK,  F,  B,  C  8., 

Surgton  to  and  hustuirtr  on  Surgm  at  tht  Jxmdon  Bo»p%laL 

Intestinal  Obstruction.    In  one  {M>cket-size  12mo.  Tolume  of  522  pages,  with  60 
llnstrationa  Limp  cloth,  blue  edges,  $2.00.     See  Strie*  of  dinieal  ManvaU,  page  4. 

Justice  to  the  author  in  a  few  paragraphs. 


A  standard  work  on  asublecl  that  has  not  been 
so  oomprehensivcly  treated  by  any  contemporarv 
Bngllab  writer.  Its  completenesa  renders  a  fUll 
review  difficult,  since  every  chapter  deserves  ml 


ttnal  Ob»truetion    is  a  work    that    will    prove    of 
equal  value  to  the  practitioner,  the  student,  the 
cian  and  the  on 


pathologlst.thenh^alciafi  and  the  operating  sur 
DDte  attention,  aad  It  is  impoealliie  to  do  thorough  I  geon. — firifUA  Mmiuai  JounuU,  Jan.  Si,  1886. 

GOULD,  A.  PEARCE,  M.  8.,  M,  B.,  F,  R,  C.  8., 

Aktutnnt  ,'}urgann  to  M>dHtttei  IfoApital. 

Elements  of  Surgical  Diagnosis.    In  one  pocket«ize  12mo.  volume  of  689 
pages.    Cloth,  $2.00.    See  Studeniji'  Serie*  of  J/anuoti,  page  4. 


PIRRtE'S  PRINCIPLES  AND  PRACTICE  OF 
SURGERY.  Edited  by  John  Naiti.  M.  D.  In 
oneSvo.  vol.  of  784  pp.  with  31fi  lllus.    Cloth,  |n.T6, 

MILLER'S  PRACTICE  OF  .SURtiERV.  Fourth 
and  revised  American  edition.  In  one  large  Hvo. 
vol.  of  em  pp.,  with  3M  lllustratlona    ClotJ    ' 


SKEY'S  OPERATIVE  SURGERY.  In  one  vol.  «vo. 
of  ivil  pages,  with  HI  woodcuts.    Cloth.  ^.2A 

M1LLF.R'S  PRINCIPLES  OF  SURriERY     Fourth 
American  from  the  thltilB4S.\i.ViM.T^\.«A\Vi«^i.  V^ 
one  %vo.  viA.  ot  «»  VVK*>V  •«VOQ.'*«i  'i^^Mt^»%».«»». 
*i."lt». 


22      Lba  Bbothkbs  &  Co.'s  Publications — Svwg^rj,  Prae^  Ddfai. 
SMITH,  STEPHEN,  M»  !>., 

Prof€M»OT  of  CUnieal  Hill  1) try  intttt  L'mvcTutt/  (if  t/u  Of«  of  .Vcw   Vvrk. 

The  Piinoiples  and  Practice  of  Operative  Surgery.    Nn  (aarf 
ihorouEhly  reviBen  edition.     In  one  verj  baodsome  octavo  volum*  of  tH  ; 
1005  illustrations.     Cloth.  $400;  1  wither,  $5.00. 

Thii>  extiellent  and  very  Talri»hle  book  i»  one  of  I 'i  .     *" 

the  most  Mkticfuciory  works  on  modern  op«r»tlTe    . 
Rurgery  yet  published.    lUi  author  and  publUhor    ' 
h*re  iipared  no  pains  (o  make  it  ««  far  a«  poMllile    and  ••  v 
kn  Idefti,  and  their  efTurti  have  Ktven  it  a  poslllou    not  e^i 
prominnot  among  the  reeent  works  In  this  depart-    this  v. 
meat  of  «tir|;«ry.    The  book  i«  a  compendium  for  |  place,  ana 
the  modern  Hnrgeon.    The  present,  the  oaly  rtvued    unusual  th'. 
edition   Flnoe  Uf!9,  pre»<>iitj  many  change*  from    oompaet  for 
the  original  manual.    The  rolume  is  mach  en     tlons,  and   ' 
targed,  and  the  text  has  been  thoroaghlj  rerlted,  |  acter,  all  C' 
BO  aa  lOflT*  the  most  improved  methods  in  asep-  i  and  jhirj/id 

HOLMESf  TIMOTHY,  MA7, 

Sttrgeon  and  Lecturer  o»  S^trgery  al  St.  0«orgt'»  HotpitaU  Ltrruion. 

A  System  of  Stirgery ;  Theoretical  and  Practical.     IN  TRS&mK 

VARIOUS  AUTHOfLS.     American  edition,  TuoRot.oiiLY  rxvibxd  Aja 
bj  John   H.  Packard,  M.  D.,  Suiveon  to  the  Episuopul   and   B(.  Jowpk'* 
Philatlelphia,  assisted  hj  a  oorpe  of  tuirtj-three  of  the  tuuet  etnineot  Aatrica 
In   three   lurge  imperial   octavo   volumes  containing    3137   double-oiMiznaMd  IH^ll 
979   illiiBtrations  on  wood  and  13   lithographic   plates,    l>eaiitifullj   atlorcd     rStt 
aet,  cloth,  $18.00;  leatlier,  $21.00;  half  Kiuaia,  $22.60.     Soid  vnlf  hf 


HOLMES,  TIMOTHY,  M.  A,, 

S'triJe^in  nit'l  Litiurtr  imi  Surgrrifal  Si.  (Vr<.r./«'«  //iifpifi/,  ^•i.Mt'.t.. 

A  Treatise  on  Surgery;  Its  Principles  and   Practice.    .N»wl 

from  the  liftli  Englisii  e*lilion,  edited  \iy  T.  ri(.'KKRi.N«i  1*hk,  F.  K.  C  iv.  Sagmt^ 
Lecturer  on  Surgery  nt  Ht.  « George's  Hocipital,  I^ndon.  In  ooe  octavo  WmMtf  ' 
pag«9^  with  abutit  4{Ki  illustrations.     Shortly. 

STIMSON,  LEWIS  A,,  B,~A^M,  2>., 

Siirijfun  !<■  the  I'rutivteTian  and  J3e(t4Vftt  ffotfhtaU,  Prn' 
fivuHu  "f  Unit   ijf  Oitf)  of  y.   }'.,  Cunapimiirtq  JtfnnA- 

A  Manual  of  Operative  Surgery.    New  (sec 
some  roval  12mo.  volume  of  503  pages,  with  342  illustnttioiio.     iJlolh,  fiL&u. 

There  !*  always  room  for  a  good  book,  no  thai  cfTecCed  in  op«riktlT«  m*tho<]e  m4  Mteite 
while  manv  woricR  on  operative  Hurgery  must  be  the  luttleeptic  tiyr-fr-—  -.■  t  >_^  aMdHa 
ooniiderea  superfluQU',  tliat  of  Dr.  Btlmson  has  I  of  manv  new   oi  ^nd   laHtkai  t> 

held  Its  own.  The  author  known  the  difHouIt  art  '  steps  of  older  f< 
of  oondeni^atioti.  Thuit  the  manual  serve*  tea 
work  of  reference,  and  at  the  itame  time  aa  a 
handy  guide.  It  teacher  what  It  profe.isee,  th« 
■tepa  of  operaUonn.  In  this  edition  Dr.  Stimaon 
>iM  sought  to  indicate  the  chaogen  that  hare  been 


We  t»  ^  i , 

extol  thin  maouikl  M..<....  mr  eiMllMail 
British  puhllcatioaa  of  the  — --T  -Vrf^** 
lleve  that  It  containa  tnuch  tluJti  wuib  <1 
Ution.— .SntuA  M*d»eml  frmt^  fr,  &  MK. 


By  the  same  Author. 
A  Treatise  on  Fractures  and  Dislocations.     In  two 
umes.    Vol.  I.,  Fractures,  682  pages,  360  boiiiti/ul  illusLralioaa.     Vol  IL, . 
TX0N8,  540  pages,  with  1G3  ilhutrations.     Complete  work  just  r«cufy,  ciotk,  l&M; 
$7.50.     Either  vohime  separately,  cloth,  $3,00;  leather,  $1.00. 

The  appearance  of  thenecond  volume  marks  the    of  Itixlocatloi,  '«arbt 

oompletloo  of  the  author's  original  plan  of  prepar-    mrmt  emlaeM  oftli* 

ing  a  work  which  should  preeent  in  the  fXillest    laininK  the  r'  .  ,,ch  *k\  _ 

manner  all  that  in  known  on  the  oogiiate  sobjecls    must  for  a  lon^^  timo  t>e  regAntad  m  M 
of  Frnrtureti  and    Dislocations.    Tfi<*   volume  on    on  all  subject.<<  p«it«lnlDg    la    " 
PracturenaKiiumedaloncethepositloa  of  authority    practitioner  of  smrgery   wUl   ted  U 
on  the  subject,  and  ite  companion  on  Dislocations    nimtohavalt  for  coamtmat  r*tmr 
will  no  doubt  be  similarly  received.    The  closing    Medical  tftm*,  ftlay,  ihml 
volume  of  Dr.  Stimson's  work  exhibita  the  surgery 

HAMILTON,  FRANK  H,,  M.  D,,  l^ri>., 

Surgaon  to  Bellmrttt  Hotpilai,  iVew  Tor*. 

A  Practical  Treatise  on  Fractures  and  Dislooationau 

thonniglilv  revised  and  much  improved.     In  one  very  handKr>in«  oc^av 
page*,  witli  379  ilhihtrutions.     Cloth,  $5.50:  lenther.  $6.50;   F 
This  book  Is  without  a  rivAl  in  any  language.     It    fully  given.    The  Is. 
Is  easentially  a  practical   Irxatl-ie,  aud  U  gathurs    nut  require  an"  <.  ^^  r^xav 

within  its  covers  almost  everything  valuiLble  that    say  that  It  I 
haa  been  written  about  fractures  aud  di.-<locatlous.     T/u  DubUn  ^'  'tmiiati 

The  prinrtpleaand  methods  of  treatment  are  very  i 

MAHSH,  HOWARD,^ FrRTc^S,. 

Senior  At4nt(ant  Siirguin  to  njuj  t<-'  ■'••••r-^'j  ff,nmt- 

Diseases  of  the  Joints,    i  -   ftK*^.  wiiiT 

and  a  colored  plate.     Cloth,  $2.0O.     h. ,. .__  .Lr,..+i.w;,,  |..i^c  4. 

PICK,  T.  PICKERIN07F'lR'^e~S^ 

Surgtcn  to  and  L-  ~.  -gtrif  at  SL  Gnoryi's  frotpttnt,  I 

Fractures  ati  j.\,\oi\a.    \^^  otv^  Vina.  v<^iutii«  of 

,tionf>.      LitUl>  w ~' ,^-.J'Oi.     ^^we  Sctka  oi  OuxUnl  Mai*«    " 


'•< 


Lka  Bbotbkes  &  C!o.'s  Pdbucations— Otol.«  Ophtbal. 
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BUBNJETT,  CHARLES  JI,,  A,  M„  M,  JD., 

Prof$uor  0/  Ototogy  in  the  PhilatUtphia  Poli/rlinie;  Pr4$idtiit  of  th*  Ammietm  Otologieal  Boeitty. 

The  Bar.  Its  Anatomy,  Physiology  and  Diseaaea.  A  Practical  Treatiw 
for  the  use  of  Medical  Stiidenta  and  Practitionera.  New  (aecond)  edition.  In  one  handsome 
octaroTolameofSSO  pageA,  with  107  iiliistrations.  Cloth,  $4.00;  leather,  (5.00. 

cAirled  out,  ftad  much  new  matter  »d4ed.    Dr. 


We  note  with  pleaaure  the  appeAntnoe  of  •  necond 
•ditlon  of  this  raliiBblo  work.  When  it  first  came 
Otlt  it  was  accepted  by  thci  profetuiioD  a»  one  of 
the  AtADdard  works  on  modern  aural  nurgerv  in 
the  English  langusee;  and  Id  hU  necond  edition 
Or.  Burnett  has  fblly  maintained  hi»  reputation, 
for  the  boolt  la  replete  with  valuable  Information 
and  tuggestlonB.    The  revlaion  han  been  carefully 


Burnett's  work  must  b«  regarded  as  a  rery  ralua* 
ble  contribution  to  aural  surgery,  not  only  on 
account  of  itji  oomprehcnviTenetus,  but  beoaiu*  II 
contAiDatheresultiicf  tliec'Arvfiil  pergonal obfl«rf^ 
tlon  and  experience  of  thiH  eminent  aural  aarMon. 
—London  Lancet,  Feb.  21.  ]8«S. 


rOLITZER,  ADAM, 

Imperial- Rot/al  Prof,  of  Aural  TTttrap.  in  tin  Univ.  of  FltiMO. 

A  Text-Book  of  the  Ear  and  its  Diaeosea.  TranBlaled,  at  the  Author's  re- 
quest, by  J.^MEs  Patterhon  Ca.'wei.us,  M.  D..  M.  K.  C.  S.  In  one  handaome  octavo  voi- 
onae  of  800  pflges,  with  267  original  illnstnilious.    C'lulh,  $6.60. 

The  whole  work  can  be  recommeaded  as  a  reli-  [  the  practitioner  In  hln  treatment, — So$ton  X«(beat 
able  guide  to  the  student,  and  an  efficient  aid  to  |  nnd  aaigical  JoitrmU,  June  7, 1883. 

JTJLEB,  HENRY  E,,  F,  R,  C.  8,, 

Senior  Au't  Surgton,  Hof/al  Wmtmxnnter  Optithaimie  Hotp. ;  Me  Clintenl  Ate't,  MoorfleUt,  London. 

A  Handbook  of  Ophthalmic  Science  and  Practice.  In  one  handsome 
octavo  volume  of  4tl0  pages,  with  125  woodcdlSf  27  colored  plates,  selections  from  the 
Teat-typea  of  Jaeger  and  Snellen,  and  Holmgren's  Color-blindness  Test.  Cloth,  $4.60 ; 
leather,  $5.50. 

U  preeenta  to  the  xtodent  concise  description*  lllastratinDs  are  nearly  all  original.  We  hare  ax- 
and  typical  Illustrations  of  ail  Important  eyenffec-  |  amined  this  entire  work  with  great  care,  and  it 
tloDB,  placed  in  Juxtaposition,  so  aft  to  be  grasped  I  repr<>sent«  the  c^immoniy  accepted  views  of  ad- 
at  a  Kinnce.  Beyond  a  doubt  it  iA  the  l>«r't  itlus-  I  vanMd  ophlhnlmolngists.  We  can  most  heartily 
trated  handbook  of  ophthalmic  science  which  has  i  commana  this  txxik  to  all  medical  atudent^,  prao- 
ever  appeared.    Then,  what  U  still  belter,  these  ( tlUonerD  and  s|>ecl«Il«la.— /)«troi<  Lanett,  Jan.  "85. 

NETTLESHTP,  EnWARD,  E,  R.  C,  S„ 

Ophiltnlmu  Surg,  and  Lett,  em  Ophtk-  Surg,  at  St.  TKonuui'  Uotpital,  London. 

The  Student's  Guide  to  Diaeaaes  of  the  Eye.    New  (third)  edition,  thor- 
oughly revised.      With  a  chupter  on  the  Detection  of  Color-Blinaness,  by  William 
Thomson,  M.  D.,  Profe«Hor  of  UphthaJmology  in  the  Jeflerson  Medical  College.     In  one 
12mo.  volnme  of  479  pages,  with  164  ilhist.,  test-types  and  formula!.  Cloth,  $2.  Jiutrtady. 
The  extent  of  the  sale  nf  this  now  accepted  {  in  the  chapter  devoted  1o  operations.     A   very 

authority  haeconclusively  shown  Ihal  lis  claim  for    .   -  — 

i^Torwa-<i  not  an  Imaginary  one.  The  Introductory 
chapter  on  optical  oiitJlnrs  U  a  wonderfully  clear 
statement  of  the  prlucljjles  involved.  The  writer's 
decision  of  character  ha«  fully  impressed  hla  pro- 
daction,  and  this  Is  nowhere  more  apparent  than 


Imnortant  niartof  the  work  to  (general  practitionera 
Is  tnat  embraced  in  the  consideration  uf  eye  di»- 
easea  In  relation  to  general  diseases  and  oondl- 
tlonii.  The  arrangement  of  the  remedies  employed 
into  a  formulary  is  adopted,  and  It  contains  much 
useftll  knowledge. — South.  Practitiunm;  Dec,  1887. 


IfORRIS,  WM,  F.,  M.  Z>.,  and  OLIVER^  CHAS.  A,,  M,J>, 

Clin.  Prof,  of  Ophthnlmology  in  Univ.  of  Pa. 

A  Text-Book  of  Ophthalmology.  In  one  octavo  volume  of  aJxiut  500  pagea, 
with  illuuimtious.    Pttparing. 

CARTER,  R,  BRUnEJVELL,  A  FROST,  W,  ADAMS, 

F.  R,  C.  S,,  F,  R,  C.  S., 

QpAtMmfe  AMyeoii  to  find  Lecturer  on  OpK-  Aui>t<tnt  Ophthalmie  Surgeon  to  and  Joint 

tialmie    SMrgtry  tU    St,  Owrgt'i    Noepilat,  Lecturer  nn  Opkthatmie  Surgery   at   St. 

London.  Otorgt'i  Hoipilal,  London. 

Ophthalmic  Surgery.  In  one  12mo.  volame  of  659  pages,  with  91  woodcuts, 
color  blindness  teut,  lesl-types  and  dots  and  appendix  of  formiilse.  Cloth,  $2.26.  See 
Seriei  of  Clinieai  Manuals,  page  4. 

WELLS,  J,  SOELBERQ,  F.  R,  C,  8„ 

ProftMtor  of  Ophthaimoioffj)  tn  Kin<ft  OMege  ffotpital,  London,  etc 

A  Treattae  on  Diaeaaea  of  the  Eye.  New  (fifth)  American  from  the  third 
Loodon  edition.     In  one  large  octavo  volume.    I\-^Mring. 

BROWNE,  EDGAR  JL, 

A«rf«on  to  the  Liverptyot  Eye  and  Bar  Infirmary  and  to  the  Dieptnaary  for  Skin  Diuate*. 

How  to  Uae  the  Ophthalmoscope.  Being  Elementary  Instructions  in  Oph- 
thalmoecoi^y,  arrunged  for  tne  use  of  Htudents.  In  one  small  royal  12mo.  volume  of  116 
pages,  with  35  illuatrations.    Cloth,  $1.00. 


LAtJBENCE  AND  MOON'S  HANDY  BOOK  OF 
OPHTHALMIC  81'ROERY.  for  the  use  of  Prac- 
tttlonara.  Second  edition.  In  one  octavo  vol- 
nm*  of  SZf  pages,  with  M  tllust.    Cloth,  fLlb. 


LAW80N  ON  INJURIES  TO  THE  EYE,  ORBIT 
AND  EYELIDS:  Their  ImmedUl*  and  Renaota 
Effects.    8  vo.,404pp.,92lUaa.   QVsA.Vk^X^»&. 
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ROBERTS^  WILLIAM,  M,  D., 

Lecturer  on  Mtiieint  in  the  Manrhttttr  Sehool  of  iftMci—m,  mU. 

A  Practical  Treatise  on  Urinary  and  Benal 
nary  Deposits.     Fourtli  AmericaD  from  the  fourth   Liimlou 
Bonie  octavo  volame  of  609  pnges,  with  81  illuBiratiotia. 
It  may  b«said  to  be  l)iebe«cbook  in  print  on  the  i  Sim^  '"  it"  a<v'- 

•ubiect  of  which  it  tffuln.— TA*  Amtncttn  Jmtmal    7"     " ' 

of  (M  M«(ticl  Sfienctf,  Ju.  IgSO. 

The  pecultv  Vkliie  and  finUh  of  the  book  •!«  In 
a  m«»8ur«  derW«U  f^:>m  ita  reiolut«  m«iDten*iic«    ' 
of  «  clinical  and  practical  character.    It  U  an  un- 
rWalteil  ezpooltion  of  everything  which  relate* 

dlr<^otI)'  or  Indirectly  to  the  diafpiosU,  prognoaif  i  uu^y  g.MButiti-.>ii7i. —  . 
and  treatment  of  urinary  dieeaaes,  and  pos«e««et  j  1886. 
a  cotniiletnnejiN  not  found  elsewhere  In  our  Ian-  ! 

PVRI} Y,   CHARLES   W-TMrV, 

BriglLt's  Disease  and  Allied  Affections  of  the  Kidneys,  b  < 

volume  of  288  [uifces,  with  illiistraiiuns.     Cloth,  12. 


The  object  uf  thl»  work  1h  to  "  fUruiiih  a  RyKitem 
atle,  practical  and  ooDci«e  de»criptioa  of  the 
pathology  and  treatment  of  the  chief  organic 
aiacAneB of  the  kidney  aiisociated  with  alhuminn- 
ria,  which  shall  repreitent  th^  most  recent  ad- 
vances In  our  koowledf^e  on  thexe  f<ubjecli< ; "  sad 
this  deAnitlon  of  the  oltject  i«  a  fair  description  of 
the  book.    The  work  is  »  useful  one.  giving  in  a 


•bort  spae*  lb*  tt>«««ic«,  i         

going  more  (^Dy  Into  tb«lr  laM  i 
Ud  treatment  tha  writar  li  ~' 
itteering  clenr  of  Keaerallt 

ting,  what  t«zt-booK«  1 
il«mti  whicli  are  »ll  f 
lit  loner.— r^^    J#« 

use. 


JVtpariif.   ii( 


MORRIS,  HEITRY,  M.  B.,  F.  R,  C.  A, 

S^T^vm  to  arul  Lecturer  on  Surgery  at  yttddletex  Botpitat,  Londam. 

Surgical  Diseases  of  the  Kidney.     lo  oue  12ino.  volume  ctflU\ 

wootlciiu,  &nil  6  colored  plate«.  Limp  dotb,  $2.2.5.     8«e  Serieti  of  Ctmiecd  . 

In  thiN  manual   we  have  a  distinct  addition  to  i  he  took    in    haqd.      It  ia  a  Ml  mt 
•arglcnl   literature,  which   give*  tuformation  not  '  book  of  refer«no«,   both   $tr  «IMM* 
elfi«wher«  to  h«  met  with  in  a  single  work.     Suoh  '  titionem  in  »e*reh  of  gqidaBeft.   Tktl 
a  book  wa«  distinctly  required,  and  Mr.  Morris  !  In  the  text  and    tb«  caroine-Uibagn|feia 
has  Tery  diligently  and  ably  performed  the  la»k    tifally  eKeeul«<l. —  Th*  Lomto*  Lmm$^h^i 

LUCAS,  CLEMENT,  MB.f  bTKTf.  M.  C.  S., 

Senior  Aitutant  Surgeon  lo  Ow/'t  l}o4pital,  London. 

Diseases  of  the  Urethra.     In  one   12iao.   roliunet.      ~ 

of  Clinical  Mnnuain,  page  4. 

THOMPSON,  SIR  HENRY, 

Surgtf>n  and  Profeuor  of  Ctinieal  Surgtrt/  to  {/tMrartify  OolUff9  Somp4t^  Vo 

Lectures  on  Diseases  of  the  Urinary  Organs.    Seooad  AMKMteM 
third  English  edition.    In  one  Sto.  volume  of  203  pp.,  witli  2S  lUoBtratioab   Qn,H 

Sy  the  Same  Author. 
On  the  Pathology  and  Treatment  of  Strioture  of  the  UrtOna 

Urinary  Fistulee.    From  the  third  English  edition.     In   one  oqUto  ntmat 
pages,  with  47   cuui  and  3  plates.     Cloth,  $3.50. 

IHE  AMERICAN  SYSTEM  OF^nJEN^TISTBT, 

In  Treatises  by  Various  Authors.    Edite<l  by  Wilbcb   F.  Txm,  M.  V 
D.  D,  S.,   I'mfeswir  of  Prcjsthetic   l>entislr>',  Materia    Medica    and   Tluiaylip  * 
Penatylvania  College  of  Dental  Surgery.     In  three  yery  h&ndeome  oeisve  mi**' 
t&ining  SltiU  pages,  with  1863  illustrations  and  9  full  page  pljttee.      Fi  i  iiJllSW,  rist 
leather,  $7 ;   half  Morocco,  gilt  top,  $8.    The  complete  work  is  nam  m^   lim 
tubaeription  only. 


As  an  oneyclopndia  of  Dentistry  it  has  no  sa- 
perlor.  It  should  form  a  part  of  every  dentUt'a 
library,  a*  (he  Information  It  contains  is  of  the 


greatest  value  lo  all  engaz^d  1u  the  practice  of 
dentLstry.— j^otenfan  Jour.  Dent  Sei,,  Sept.,  1M8(*. 

A  grand  system,  biii;  eiiongh  and  good  enough 
and   nandsome  enough  for  >  monument  (which, 


wriKi  uip  SI- 
in  the  rich  I 
will  recelt.- 
graphic  Jitf 
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COLEMAN,  A,,  L,  R,  C.  1*.,  E,  R,  C.  A'.,  Moeam,  L.  Iki 

Senior  DenL  Surg,  nrul  Leet.  <m  Dent.  Sttry.at  St.  BorfAotofyictr'f  ttomp  m>^  tXtJimA  jL^i^f- 

A  Manual  of  Dental  Surgery  and  Pathology.  TIiormi^t  mmk 
adapted  to  the  use  of  American  Studente,  by  Thomas  C.  Srnctj.WAum  M.  A^  t 
D.  D.  8.,  Prof,  of  Physiology  at  the  Philadelphia  Dental  Collects.  In 
volume  of  412  (vigee,  with  331  illustrations.     <  l.il.  «:i'>.T 

It  should  be  In  (he  possession  of  everv  practi- 
tioner in  title  oooDtry.    The  part  devoted  to  flrst 


and  secon't  << 
manent  ■ 
price  sh' 

a  work.  . 

fiiJIed  standard  tAxi-)  ■ 
•och  publications  as  i 
—So*tth«m  Dental  Jou 

BABBJIM    ON   REttM.   msiKS«K:' 
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GROSS,  SAMUEL  IF.,  A,  M,,  M,  2>.,  LL.  !>., 

Profe$9vr  nf  tht  PrintxpUji  of  Surgtrt/  <md  of  tlinieal  Siirgrry  in  f  A«  Jiftntm  Mttitrol  OoUtgt  of  Phita. 

A  Practical  Treatise  on  Impotence,  Sterility,  and  Allied  Disorders 
of  the  Male  Sexual  Organs.  New  (third)  edilion,  thoroughly  revised.  In  one  very 
handsome  oc-tavo  volume  of  163  pagesi,  with  16  illiutnitiotis.     tJlulh.  $1.50. 

U  inasl  be  gratifying  to  both  Author  and  pub-  Thl»  now  cla^fical  work  on  the  »ubj*ct  of  imno- 
lUhera  tltat  large  fir»t  itnd  second  editions  of  this  t«nce  and  i>t«rilit.v  in  th*"  male  need*  no  extended 
lltt]«  work  were  »o  soon  exhausted,  while  the  faot    n'Tlew,  for  it  Is  alivady  well  known  to  the  prt>- 


that  It  has  been  tranwlaied  Into  Russian  may  Indi- 
cate that  It  filled  a  void  even  in  forelKn  literature. 
Bin  ii  a  careful  and  physiological  ntndy  of  the 
oezoal  act,  bo  far  hji  concerns  the  tnnle,  and  all 
hl»  conclusions  are  jrlentlflcally  reached.  The 
hook  has  a  pla<.<e  by  Itself  in  our  literature,  and 


fesaion.  [>r.  Grost<  has  l)y  his  tireless  labor  don« 
more  tnwardp-  clparibf;  up  the  dia((no«iti  and  treat- 
iTientof  these  obHcure  oa-es  than  any  other  Amerl- 
rao  pliysictan.  The  fact  (rial  this  h«wik  ha*  rapidly 
nin  through  two  large  e<li(innK,  and  that  ilio  author 
is  now  forced  lo  tsHiie  a  third,  Is  good  and  siiflli?lent 


furnishes  a  (arge  fund  of  information  concerning    cridence  of  Ust  excellence.— Atlanta  iiedirni  and 
important  matters  that  are  loo  often  passed  orer    Surgical  Journal,  April,  188S. 
in  Bilence.— 7^  Medical  Prcat,  June,  1887.  I 


BUMSTEAJ),  F,  J., 

M,  JD.,  LL,  X)., 

Jjoi*  iVofitMor  of  Vgntreal  Diteates 
at  Vu  OolUgt  of  Phffnaan4  and 
Sur^toni,  Nma  York,  etc. 


and 


TAYLOR,  R,  W,f 

A.  Jf.,  M.  2>., 

Surgton  lo  Charity  HotpiloL,  If  at  Vork,  Prof,  of 
Vtneretil  and  Sktn  Di«ea»t»  in  tht  Vntvemlti  of 
Vtrnont,  Pra.  of  tht  Atn.  Dtntuitnlvgieal  Ais'n. 

The  Pathology  and  Treatment  of  Venereal  Diseases.  InduJliiK  the 
reeuttB  of  recent  investigntions  ii]x)n  the  wibject.  Fifth  edition,  revised  and  largely  re- 
written, by  Dr.  Taylor.  In  one  large  nnd  hKodttome  octavo  volume  of  8J>H  |>ages  vrith 
139  iIlustrBtionB,  and  thirteen  chromo-lithographic  figures.  Cloth,  $4.75;  leather,  $5.75; 
very  hsndsome  half  RiKwia,  $6,25. 

It  Is  a  splendid  record  of  honest   labor,  wide  '  known  that  it  would  be  superfluous  here  to  pasa  f» 
rASAarch,  Jast  comparison,  careful  scrutiny  and  i  reriew  its  general  or  npeuial  points  of  excellepce, 


original  ezMrlenee,  which  will  always  be  held  as 
a  high  credDt  to  American  medical  literature.  This 
la  not  only  the  t>est  work  in  the  Knf;llsh  language 
npon  the  aobjects  of  which  it  treats,  but  also  one 
wnich  has  no  equal  In  other  tovKues  for  Us  clear, 
eomprehenslTe  and  practical  handling  of  its 
tbemM. — Am.  Jour,  of  tht  Mai.  Seitntti,  Jan,  1884. 

It  Is  oertainly  the  best  single  treatise  on  vene- 
real in  our  own,  and  probably  the  best  in  any  Ian- 
gtiani. — Bo*t«n  Mtd.  mid  ^uri;.  Journtil,  April  3,  ISM. 

The  cliaraoter  of  this  standard  work  is  so  well 


The  verdict  of  the  profession  ha»  been  passed;  it 
lias  been  aceepteit  iu>  the  most  thorough  and  com- 
plete ezpoffitlon  of  the  pathology  and  treatment  of 
venereal  diseases  In  (h»  iHri^uaKe.  Admlrableaaa 
model  of  clear  description,  an  exponent  of  sound 
patholoKicat  doctrine,  and  a  guide  for  rstlunal  and 
succe^Mul  treatment,  it  is  an  ornament  to  the  medi- 
cal literature  of  thifi  country.  The  additions  made 
to  the  present  edition  art-  eminently  jndicious, 
from  the  standiioint  of  practical  utility.— ^/oihthiIo^ 
CUtandom  ond  v»n«rcat  Oittat**,  Jan.  18A4. 


CORNIL,  F., 

ProfUKir  to  tht  Faeulty  of  XedMnt  of  Parii,  and  PhyHfian  to  tht  I/mreine  BogpilaL 

Syphilis,  its  Morbid  Anatomy,  Diagnosis  and  Treatment.  Specially 
revi«€U  oy  the  Author,  and  transhitetl  with  notes  and  additions  by  J.  Hemry  C.  8iMWk 
M.  D.,  Demonstrator  of  Pnlhological  HiHlology  in  the  University  of  Pennsylvania,  ana 
J.  WitLiAM  White,  Af.  D.,  Lecturer  on  Venereal  DiaeaseB  and  Demonstrator  of  Surgeiy 
in  the  University  of  Pennsylvania.  In  one  haudeome  tx^vo  volume  of  461  pages,  witb 
84  very  beautiful  ilhiatrations.     Cloth,  $3.76. 

The  anatomy,  the  histology,  the  pathology  and  jierusal  without  the  feeling  that  his  grasp  of  Ilia 
the  clinical  featurc^s  of  syphili.-  are  representecl  in  I  wide  and  important  suhjeot  on  whicn  it  treats  is 
this  work  in  their  best,  most  practical  and  most  a  stronger  and  surer  one. —  Thg  London  ProAtt- 
iBatructire  form,  and  no  one  will  riso  from  ll»  I  (toMr,  Jan.  1883. 

HUTCHLUfSON,  JONATHAN,  F,  R,  5.,  F,  R,  C,  8., 

Ocmtiditing  Surgton  to  tht  London  Botpital. 
Syphilis.     In  one  12mo.  volume  of  542  pages,  with  8  ohrtimo-lithographs.     Cloth, 
$2.26.     See  Svia  of  CUnieal  Manual*,  page  4. 

Those  who  have  s«en  most  of  the  disoase  and  |  and  power  of  observation,  hut  of  his  patience  and 
those  who  have  felt  the  real  rtjfflcullles  of  diagnn-  |  assiduity  in  taking  note*  of  his  ca*e<<  and  keep- 
sis  and  treatment  will  most  highly  appreciate  the  Ing  tliem  in  a  form  available  for  such  excellent 
fikcti*  and  suggestiuuii  which  abound  in  the.oe  ,  use  as  he  has  put  triera  to  in  this  volume.— London 
pages.  It  is  a  worthy  and  valuable  record,  not  ittdieal  Beeord,  Nov.  12, 1887. 
only  of  Mr.  Hutchinson's  very  large  experience  ! 

GROSS,  S.  2>.,  Jf.  D^ LL,  IK  oVcrL,,  etc, 

A  Practical  Treatise  on  the  Diseases,  Injuries  and  Malformations 
of  the  Urinary  Bladder,  the  Prostate  Oland  and  the  Urethra.  Third 
edition,  thoroughly  revised  by  Hamuei^  VV,  Gross,  M.  D.  In  one  octavo  volume  of  574 
pages,  with  17U  illuBtrations.     Cloth,  $4.50. 

CXJLLERIER,  A.,  &  BUMSTEAD,  F.  J,,  M,n,,  LL.JD., 

Surgeon  to  tht  H6pital  du  Afidi.  Lale  Proftuor  of  V«n«rtal  Dittatet  in  tht  OoUtgt  of  Phyiieiam 

and  Siirgeont,  Kite  Tork. 

An  Atlas  of  Venereal  Diseases.  Translated  and  e<lited  by  Fbeemak  J.  Rttm- 
STEAi>,  M.  D.  In  one  imperitil  4to.  volume  of  328  pages,  double-ooliimns,  with  26  plates, 
containing  about  150  figures,  lienutifully  colore*!,  many  of  them  the  sixe  of  life.  Strongly 
bound  in  dotli,  $17.00.    A  specimen  of  tbe  plates  and  text  sent  by  mail,  on  receipt  of  25  cts. 

HILLON  SYPHILIS  AND  LOCAL  CONTAGlOliS    FORMS    OF     LOCAL.     lUaE.K&?.     KS'iVsri.VS.vs. 
DISORDERS.  Inone8TOTol.of«Sip.  Cloth,|3.26.    PRISC\PM.V,'S    'Via^lE.  <>^cs,^^%  rj'?    *.-..v?«vV».k- 
~'Z'B  LECrV RES  ON  87 PI' * ^ 


TAYLOR,  ROBERT  W.,  A.M,,  M,n., 

Surgeon  Ui  Ghnrity  Botpital,  Nta  York,  and  to  thi  Deparlment  of  VtnemcA  and  Skin  DUtaut  0 
the  TVeto  i'ork  Hatptlnl. 

A  Clinical  Atlas  of  Venereal  and  Skin  Diseases:  Including  Diagao8i& 
PrognofiiH  and  Treatment.  In  eight  Inrge  folio  parts,  nicaKiiring  14  x  18  inches,  ana 
comprising  58  heautifuliy-colored  plates  with  102  figures,  and  400  pages  of  text  with  65 
eognvings.  Price  per  part,  $2.50.  P&rtsl.  and  II.  are  just  readr.  For  taJUby  tvhaerip- 
turn  only.  Spectjnen  pltiteii  sent  on  receipt  of  10  cents.  A  full  pruspectus  is  now  readj 
for  difltribntion  on  application. 


This  niagnificeot  Clinieal  Alia*,  we  donothMl- 
tale  to  a«x,  will  b«  rogknied  ma  one  of  th«  moat 
Tkluitble  and  haadsome  aoDtrtbutlooa  to  the  medi- 
cal llieraturo  of  th«  age.  Aa  ita  name  Impllea,  the 
Cimieal  Allot  \a  Intended  aa  a  worklDS  guide  for 
aayprastltlonerwho  chooiiea  todeal  with  tlie  wide- 
spread  class  of  chronlo  dlaeaaes  incliiiied  In  Its 
title.    For  the  adequate  aucompllshment  of   Ita 

fiarpoae  auoh  a  work  tnust  comprlae  plotures,  life- 
Ike  Id  fomn  and  color,  of  a  ilze  as  large  as  la  com- 
patible with  coovenienoe,  toKethcr  with  a  descrip- 
tlTe,  clioical  and  didactic  c«xt.  The  entire  litera- 
ture of  the  subjects  has  been  searched  for  Its  beet 
illaslrationi>,  and  iiel(iotion«  made  with  proper 
permission  nf  liyinK  authors.  These  hare  been 
oompiem^ui<«d  by  iiuniorons  reproductions  from  a 
ootlectton  of  orifflnal  paintings  from  lif<<,  gathered 
by  th<'  author  during  many  yearH  of  practice.  The 
text  ha'f  t>een  designed  to  furnish  the  prAclitioner 
with  clear  and  explicit  directions  for  the  proper 
nianasemenl  of  his  c»-«es.  and  at  the  same  lime  to 
aumulate  the  interest  of  those  who  may  wish  to 
derota  their  life-work  to  Ibesa  subjects.  A  full 
statement  of  the  ellnleal  history,  varying  features, 
etiology,  diaguoaia,  and  prognoola  has  therefore 
been  followed  by  deflslte  and  complete  thera- 
peutical information.    In  their  respeottre  spherei* 


the  author  and  publishers  hare  left  notbleg  undone 
to  make  the  CUnital  AtUu  a  work  whlon  wUl  b< 
recognized  as  a  standard  authority  on  its  subjeots. 
The  strong  faith  of  iu  publishers  in  the  merit 
and  wide  appreciation  which  thev  mual  feel 
assured  awaits  the  Clinical  Atlat  at  the  head*  of  a 
discriminating  medical  public  la  evidenced  by 
the  very  moderate  figure  at  which  11  is  supplied,  a 
flgure  so  much  below  that  customarily  charged 
fur  works  of  this  olass  that  oulv  the  wi'i^^t  dls- 
seminatioD  can  possibly  bring  tnem  a  fair  return 
for  their  arldeDtly  laTish  outlay.— 5!B«<*«m  Proe- 
t  it  inner.  Sept,  18S8. 

We  have  been  highly  pleased  with  both  the 
plates  and  engravings  and  letter-press.  The  work 
should  prove  invaluable  aa  a  guide  to  the  praoti- 
tionor.  The  diagnosis  of  tho  various  diseases  of 
the  skin  has  been  amplified  and  perf<.>cted.  Etiol- 
ogy has  been  thoroughly  investigated,  and  treat- 
ment simpllfled.  The  work  of  the  artist  is  deserv- 
ing of  all  oommendation.  presenting  tlie  varloas 
forms  and  stages  of  the  diseases  under  oonsidera- 
llon  with  extreme  fidelity.  Nameroua  formulai 
scattered  throughout  the  text  will  be  of  great 
value  to  the  general  praotltloDer.— Oemuia  Lmeti, 
Sept.,  U88. 


HTDE,  J.  NEVINS,  A.  M,,  M.  JD., 

PrafaMtor  of  D<irmaU)logy  and  Venereal  Dutases  in  Riigh  Meditnl  Oolltgt,  Chicago. 

A  Practical  Treatise  on  Diseases  of  tbe  Skin.  For  the  use  of  Students  and 
PractitionerB.  New  (second)  edition.  In  one  handsome  octavo  volume  of  676  pages, 
with  2  ixilured  plates  and  85  beautiful  and  elaborate  illustmtions.  Cloth,  |4.50;  Irather, 
$5.50,     Just  ready. 


We  can  hearlily  commend  It,  not  only  as  an 
Bilmirablo  t<>xt-book  for  teacher  and  student,  but 
Iniin  iilearaiKl  compN'hensive  rulflM  for  disKnosis, 
itii  sound  ai>d  independent  doctrines  In  pathology, 
and  Its  minute  and  judicious  directions  fr<r  ilie 
treatment  of  disease,  as  a  most  satii>factory  and 
complete  praotleal  noide  for  the  physician.— /I  w«ri- 
oin  Jiiurnnl  of  thr.  Sloitcal  Scmjium,  July,  18^. 

A  useful  glossary  descriptive  of  terms  is  given. 
The  descriptive  portions  of  this  work  are  plain 
and  easily  understood,  and  above  all  are  very 
•eeurate.  The  therspeuticnl  psri  \»  abundantfy 
sapplied  with  excellent  rrcominendations.  The 
picture  part  i»  well  done.  The  value  of  the  work 
to  practitioners  \n  great  becAu»c  of  the  excellence 
of  the  descriptloDs,  the  suggestlveness  of  the 
advice,  and  the  correctness  of  the  details  and  the 
principles  of  therapeutics  impressed  upon  the 
reader.— Cif'Tiiii'J  Med.  Munthly,  May,  1888. 


The  seoond  edition  of  hia  treatise  U  tike  hta 
clinical  instruction,  admirably  arranged,  attractive 
in  diction,  and  strikingly  practical  Ihrougtaout. 
The  chapter  on  general  syiuptomalology  is  a  model 
In  its  way ;  nn  clearer  description  of  the  various 
primary  and  consecutive  lesions  of  the  skin  la  to 
be  met  with  anywhere.  Those  on  general  diaguo- 
aia and  therapeutics  are  also  worthy  of  earwfai 
study.  Dr.  Hyde  has  shown  himself  a  eomprD- 
hensive  reader  of  the  latest  literature,  and  baa  tn- 
corporsted  Into  his  book  ail  the  best  of  that  which 
the  fuwtt  y^arh  have  brought  forth.  The  preecrip- 
lious  and  firmuiiB  are  given  iu  both  commoD  and 
metric  •.ystems.  Teit  and  illusiratiotie  are  good, 
and  colored  plnte<<  of  rarv  cases  lend  additional 
attractions.  Altogether  it  Is  a  work  exactly  fltt»d 
In  the  needs  of  a  general  pnu-tiiioner,  and  no  ooa 
will  inal<>^  a  m|oiake  In  p'irrhn.i>lnK  tt,— J^edKeal 
/VnM  i-<f  llWrm  Hem  Yurk,  June,  1888. 


FOX,  T.,  M.  J).,  F,R,C.P.,  and  FOX,  T.C.,  B,A.,  M.R.C,B., 

Pl^/tieian  to  Ike  Depmimtent  for  8km  ZHseosM,  Phyndanfor  Oitaattt  of  tke  Skm  to  th« 

Omlvm-tity  Oolugt  Boipttat,  London.  Watmintttr  Hotfiital,  Londoti. 

An  Bpltome  of  Skin  Diseases.  With  Formulae.  For  Students  and  Ptao- 
tiliooen.  Third  edition,  revised  and  enlarged.  In  one  very  handsome  12mo.  ToIum« 
of  238  pages.     Cloth,  $1.2& 

The  third  edition  of  this  convenient  handbook  i  manual  to  lie  upon  the  table  for  Instajit  reCereBOSt. 
calls  for  notice  owing  to  the  revl.iion  andexpanslon  its  alphabetical  arrangement  is  suited  to  thieuae, 
which  it  has  UDdergun«>.  Thearraugeraentof  skin  '  for  all  one  has  to  know  is  the  name  of  the  diseaae. 
diseaeeslnalphabetlcalorder,  which  is  the  method  i  and  here  are  ita  description  and  the  appropriate 
of  claaaiflcatfon  adopted  in  this  work,  twoomes  a  treatment  at  hand  and  reaily  for  ianiaut  apptic*- 
posltive  advantage  to  the  student  The  book  la  '  tion.  The  present  edition  ha»  t>een  very  carefully 
one  which  we  oan  strongly  recommend,  not  only  revised  and  a  number  of  new  dlaeaees  are  d*- 
to  atudenta  but  also  to  praclitionerp  who  require  a  .  scril>ed,  wliili^  nto.Hl  of  the  recent  additioBt  to 
compendious  aummary  of  the  present  slate  of  I  dermal  therarieutics  Hud  mentloa,  and  the  tomio- 
derrnntolDgy.— .Sriri^A  itedittU  Jountal,  July  i,  1863.  .  lary  at  the  end  of  the  boolc  has  been  considerably 

W>  cordTally  recommend  Pox's  Bpitornt  to  those  '  augmented.— 7Tt«  MtdUnl  Ntwt,  December,  ISSX 
wnuKe  time  is  limited  and   who  wish    a  handy  ' 


WILSON,  ERASMUS,  F,  R,  8, 

The  Student's  Book  of  Cutaneous  Medicine  and  Diseases  of  the  Skin. 

Jn  one  handsome  siunll  ottavo  volume  of  o3o  pages.     Cloth,  $3.-5U. 

BILLIERS  HANDflOOK  OF  SKIN  DISE\SFA-,   \    caneiWVow.   \n  nTv«\lvnQ.  valucoe  of  3U 
/w  atudtatm  and  Fra«t4Uoners.    8«ooad  Amwrl-  \   ^aUVv  v'^al^aa.    C\o\Xx,Vi:&. 
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The  American  Systems  of  Gynecology  and  Obstetrics. 


Systems  of  Gynecology  and  Obstetrics,  in  Treatises  by  American 
Authors.  Gynecolopy  eiliie<l  liy  Matthew  D.  Mann,  A. M.,  M.  D.,  I'mfewor of  ObMtelrics 
and  Gynecology  in  the  Medical  Department  of  the  Univermty  of  BiifF»lo;  Rnd  Olwtei- 
ric8  edited  bv  Barton  Cooke  Hirst,  M.  D.,  Associate  Pmlessor  of  ObsltlrlcH  in  ibe 
Univeraity  of  Peonsylvania,  Pliiladelphio.  In  four  very  Imndsume  octavo  voltmies  of 
about  SKK)  pages  eudi,  fully  illuHtruted  by  w(xxl  engravings  and  colore«i  platea.  Voluojea 
I.  and  II.  of  the  Gynkcol(K*y,  and  Volume  I.  of  the  Obstetbich  containing  27tt4  page», 
871  engravingB  and  8  colored  plates,,  are  nr/u-  rtwiy.  Volnme  II.  of  the  Obstetrics^ 
completing  the  work,  will  be  ready  in  May.  Per  volume:  Clotli,  |o.OO;  leather,  $(5.00; 
half  Rusflia,  87.00.  F<yr  *ale  by  »ub»criplion  only.  Addrest  the  Publither*.  Full  de6cri|>- 
tive  circular  free  on  application. 
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W.  GILL  WYLIE.  M.  D. 

ThU  li  a  Tery  ralaablo  contribution  lo  the  liter- 1  In  our  notic*  of  the  "System  of  Practical  Medi- 
•lure  of  nb«(r.trlo».  Theeditorf,  contrlHutom  and  I  cine  by  Ain«ricAn  Authors,"  we  made  the  follow- 
publlFhers  are  entitled  to  rno>t  henrty  congrAiu-  I  inj;  statement: — "It  t.o  a  work  "f  whlrli  th«i  nro- 
lationB  for  ihe  pomplele  kind  of  work  thnl  liii«  I  fesxiun  in  thl«  country  ran  fe*"!  proud.  Wrdttn 
mppetretl.  — The  Ofmttine  Guift'r,  August,  ijigH.  ezclUHJTely  hy  American  pnyBipiani"  who  »ri»  ar- 

Thla,  the  companinn  work  lo  the  .Sy-(*ni  of '  qnainl«d  with  all  the  Tarieti?"  of  climate  in  the 
OynscolotiCy  by  Amerinan  Aiuhor.a,  e<inuls  It  In  the  i  United  Slates,  the  character  of  the  soil,  Hie  tn»n- 


excellence  of  th»  suhjecl^malter  and  the  perfec- 
tion of  the  publlffherK'  art.  Ai>  a  treAllne  fr>r  the 
iiae  of  the  praciltfoner  the  work  will  lie  found  to 
repreoent  admlrHli>y  the  obytetric  nrlence  of  the 
day  AS  eieroplified  in  Amorlran  praetloe.— T'l* 
Mmttcol  ^'c^o^,  AUKuat  2.'>,  IWJ*. 

There  can  be'  but  little  doubt  that  Ibl*  Mrork  will 
And  the  aame  favor  with  the  profeNwion  thai  baa 
baeo  accorded  to  the  "  Sysfm  of  Medicine  by 
American  Author*."  and  the  ".Syitem  of  (lynocof- 
ogy  byAmerioan  .\uthor?-."  One  i«  nt  aloKH  to  know 
Wnat  to  say  of  (bin  volume,  for  f<"»r  that  just  unU 
merited  prnlxe  niny  he  niistuken  for  tlaltery.  The 
BUhJeetK  of  nome  of  the  papers  arc  dlncu)i»ed  in 
Tarioua  workn  on  olxsletTlci-,  though  not  lu  the  full 
•Xteat  that  Ih  lound  In  this  volume.  The  pnporH 
of  Drs.  Eni^elitiittwi,    Martin,  HlrM.  Jncgwrd  and 


ners  and  customs  of  the  people,  ete.,  it  i*  pecul- 
iarly adapted  to  the  wanlo  ct  American  prai-tltlOQ- 
erx  of  m«'(lioiiie,  and  it!<eoms  lo  u*  that  evory  on« 
of  Ihem  would  deHlre  to  liave  it."  Every  xvord 
thus  exprcsned  in  regard  to  the  "Amerloau  -Syf- 
lem  of  Praclioal  Medicine"  le  applicable  t.i  the 
"8ynteni  of  tryrecolofty  by  Amcrlenn  AulhorK," 
which  we  deoira  now  lo  brlnK  to  the  atteution  nf 
our  readom.  It,  like  the  other,  has  been  written 
exclii'lvely  by  Atncrican  phyHl<>lan»  who  are 
acquainted  with  all  the  eharactcri.-lics'af  Ameri'  au 
p^-ople,  who  are  well  informed  in  regard  lo  iha 
pecultarttiefi  of  American  women,  thcur  raaDa*-rF, 
cu»lomi>,  mode*  of  living,  etc.  An  every  practl*- 
ing  physician  In  railed  upon  lo  treat  dUeafc^  of 
femalep.  and  a*  they  conntitute  a  cla<»  to  which 
the  fkmilly  phyfiician   muxt  i;lve  attention,  and 


Reeve  are  Incomr.ftrahly  bnvond  «nythin^•  Ihat  can  ',  cannot  pass  over  to  a  i«pecialii>t,  we  do  not  kno»  of 
be  found  In 'ibAtelri'ftl  woik*.  Certainly  the  Kdt- '  a  work  in  any  department  of  medicine  that  we 
tor  may  be  oonKraiiilnled  for  having  made  siuch  n  |  Mhould  ho  strongly  reeommend  medical  men  gen- 
wise  selection  I  f  Ills  coiiinbutors  — ./oi>rna/  of  the  !  erally  purchaaliig.— CinetniuWi  AfeiL  A'rwi,  July,&lf7. 
Amrricnn  M<:dycnl  Ai""-inl>o>>,  S«  pt.  8,  1M*8.  \ 

THOMASf  T.  GAILLARU,  M.  I)^, 

ProfttsoT  of  l>atnge*  of  Women  in  the  College  of  Phyneuint  and  Surgtom,  Jf.  T. 

A  Practical  Treatise  on  the  Diseases  of  Women.    Fifth  edition,  thoroughly 
revised  and  rewritten.     In  one  large  and  hun<lHome  octavo  volume  of  810  pages,  with  2b6 

illustmtioii.s.     Clotii,  $-i.()0  ;  leather,  $6.00  ;  very  h-indwinie  linlf  Riuwia.  r3i.se<l  bandH,  $tj.50. 
_That  the  previous  editions  of  the  treati!<e  of  l>r     rl'clan  and  mynnjcologist  as  asafe  guide  to  prm^tice. 


Thomas  were  thought  worthy  of  translation  Into 
German,  French,  Italian  and  Hpani!<h,  is  enough 
to  give  it  the  ptamp  of  genuine  meriL  At  home  it 
has  made  Its  way  into  the  library  of  every  obatel- 


No  small  niimbor  of  additions  have  been  made  (o 
the  pre.'ent  edition  to  make  It  correspond  to  re- 
cent improvements  in  treatment. — Pnfijlr  NHtirnt 


EDI8,  ARTHUR  IT.,  M,  D.,  Lond.,J>\R.  C.  P.,  M.  iJ.  C  9., 

Aitttf.  OMelne  Fhi/infian  to  UuUU'Uex  BonpittU.  talt  P/ni»itvtn  to  Brilith  l.i/ing-in  Hoipilnl. 
The  Diseases  of  Women.     Including   their   Pathology,  Causation,  Symptoms, 
Diagnosifi  and  Treatment.     A  Manual  for  Sludentfi  and  Practitioners.     In  one  handsome 
octavo  Tolume  of  576  pages,  with  148  illiistmtion.M.     CKith,  $3.00;  leather,  $4.00. 


It  Ib  a  pleasure  to  read'a  book  so  thorottichly 
good  aa  ihli  one.  The  special  qualities  which  are 
conrpicnouB  are  thoronghnes.<«  in  covering  the 
whole  ground,  clearnegs  of  description  and  con- 
elaenese  of  ntatement.  Another  marked  feature  of 
Ibe  book  is  the  attention  paid  to  (ho  details  of 
many  minor  surgical  operations  and  pnvedureH, 
aa,  for  Instance,  the  use  of  lentH,  application  of 
leeches,  and  use  of  hut  water  tnjectlona.    These 


are  among  the  more  common  methods  of  tre»t- 
ment,  and  yet  very  little  is  said  alwut  them  1« 
many  of  the  leilrWooks.  The  luiok  Is  one  to  be 
warmly  recommended  especially  to  «itiileiils  and 
general  practitioners,  who  need  a  c.  >  ..ni- 

plete  tAtuni^  of  Ihe  whole  Hubject.  .  '■'■'>, 

will  find  many  useful  hinlw  in  it^  i  "'  •■ 

Jf«d.  othI  Surg.  Journ^  Marnh  a,  is&'Z." 
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EMMET,  THOMAS  AJyDIS,  M,  !>.,  LL,  2>., 

Surgton  to  ^A«  IfonMnV  Hoapitnt,  New  Vork,  fte. 

The  Principles  and  Practice  of  QynescoloRy ;  For  the  use  of  Studeols  and 
Practitioners  of  Metlicine.     New  (third)  edition,  thdroiighly  revised.     Id  one  large  aad  rtr^ 
handiiome  octavo  volume  of  880  pagetL  with  150  illuatrationB. 
very  haodflonie  half  Russia,  raised  bands,  $6.50. 

We  are  In  doubt  whether  to   coDgratulate  the    nnl.  May  16, 1885 

'" '     The  til 


Cloth,  $5;   leather,  |8-. 


author  more  thim  the  firofeHftloa  upon  the  appenr- 
•noe  of  the  third  editioo  of  this  well-knowu  work. 
Embodyiag,  k»  It  dooes  the  life-long  experience  of 
one  who  has  coai<plouou«]y  ilUtingul«hed  him»elf 
aa  a  bold  and  nuccefiethil  operator,  and  who  has 
devoted  HO  much  attODtiou  to  the  iipeciaky,  we 
feel  aura  the  profeasion  will  not 'ail  to  appreciate 
Che  privilege  thuii  offered  th?m  of  perufliog  the 
viewi  and  practice  of  the  author.  Ui»  eameiiCnerHii 
of  purpoafl  and  rnnRcientiouvnefU)  are  mitnif«Nt. 
He  g:iva8  not  only  hill  individual  experlonoe  but 
«adeaTorB  to  represent  the  actual  state  of  gyne- 
ootogical   soienre  and  art. — Brilish  Maiieal  Jour- 


me  hail  pawed  when  Emmet'*  Oyntetolon 
ded  ai      '      "    "  '   _' 

ttion.    It  has  alwaiyt 
„  attcology,  to  bring 
eaay  reanh  of  the  general  practitioner.    The  orig- 
Til       "   '     "  ■  .     .      ■ 


wao  to  be  rexKri 
or  for  a  alDgTe  i 
aim  to  populariae  gynecology, 

nh 


as  a  book  for  a  single  coantry 

"  '  as  always  been  hti 

to  bring  It  within 


8» 
or  for  a  alDgle  generation.    It  has  always  been  hti 


ina'ity  of  the  ideas  compeln  our  admiration  and 
re«pect.  We  may  well  take  an  honest  pride  in 
Dr.  Emmet's  work  anj  fnd  thai  hie  book  ean 
hold  ltd  own  agxIuM   tl  -n  Of  two  ooatl- 

nent«.    It  repreiwoUi  :i  'xl  eameat  aad 

mnst  thoughlfulln  All"  .•^•o\cigy.—Awim- 

iean  Jottmal  oj  Obitftr\ci,  Aiay,  l>i>it>. 


TAIT,  LA  WSON,  F.  Ji.  C.  S., 

FelUiw  !■/  the  Kin/"!  Medifo  Chirurr/ifnl  fioeitti/  nf  Lnridon,  Honornry  Bftmktr  of  Vu  Bottom  Oyn^ 
cutogicnL  Society^  Stirgenn  to  the  Sir initiqhiim  anil  Midland  lloitpitat  for  Womm. 

Diseases  of  Women  and  Abdominal  Surgery!    In  one  very  handsome 

octavo  volume  of  000  pages,  fully  illiistrate<l.     In  pranA. 

DAVEXPOUTf  F,   H.7M~^ 

A^mtnnt  ill  Ov" fotoi/y  («  tht  Mtdteal  Dej^rtminl  nf  TTnrvaTii  Uiiivtrnly,  Botlnn. 

Diseases  of  Women,  a  Manual  of  Non-Surgical  Gynecology.    De- 

sijrned  estMicially  for  the  I'se  of  Students  and  Ciencral  Pnictitioners.  In  one  handsome 
llimo.  votume  with  uiaoy  illustrations,     lu  prrKt. 

nVNCANf  J.  MATTHEWS,  M.I).,  LL.  !>.,  F,  R.  5.  E,,  etc 

Clinical  Lectures  on  the  Diseases  of  Women ;  Delivered  in  Saint  Bar> 
iholouiew'e  Ho«]iital.     In  one  handmrne  octavo  volanie  of  175  pages.     Cloth,  $1.50. 

Thev  are  In  every  way  worthy  ol  their  author  ;  rale,  adequately  handled  in  the  tezt-biH>ka;otfa«n 
indeed,  we  took  apon  them  ax  among  the  moat  i  of  them,  while  bearing  upon  topics  that  are  oanaily 
valuable  of  hi*  contributions.  They  are  all  upon  treated  of  at  length  in  such  works,  yet  tie«r  suoha 
mattersof  great  Interest  to  the  general  practitioner.  !  stamp  of  individuality  that  they  deeerve  to  ba 
Some  of  them  deal  with  subjects  that  are  not,  a*  a    widely  read.— ^  T.  Uadical  Journal,  March,  IBia 

MAT,   CHARLES  H.,~M.  D\, 

Late  Home  Surqttin  to  Mount  Sinai  Hotpitnl,  xVaio  York. 

A  Manual  of  the  Diseases  of  women.  Being  a  conciae  and  systematic  erpo- 
eition  of  the  theory  and  practice  of  gymecology.  In  one  12ma  volume  of  342  pag«s. 
Cloth,  $1.75. 

HODGE,  HUGHL.,  M.  Z>.. 

Bmeritiu  Profeuor  of  Obttetricj,  ett.,  in  lb*  Utuvtritity  of  Pmrntytvania. 

On  Diseases  Peculiar  to  Women;  Including  Diiiplacementa  of  th«  Utems. 
Becond  edition,  revised  and  enlarged.  In  one  beautifully  printed  octavo  Tolitme  of  519 
pages,  with  original  illustrationB.     Cloth,  $4.50. 

By  the  Same  Author. 

The  Principles  and  Practice  of  Obstetrics.  Illustrated  with  large  litho- 
graphic platea  containing  159  figures  ^xmi  original  photographs,  and  with  numerous  wood- 
cuts. In  one  large  quarto  volume  of  542  doulile-columned  pages.  Strongly  bound  in 
cloth,  $1400.  8{iecimen8  of  the  plates  and  letter-press  will  be  forwarded  to  any  addroit 
free  by  mail,  on  receipt  of  six  cents  in  postage  stam^is. 

RAMSBOTHAM,  FRANCIS  H.,  mTh. 

The  Principles  and  Practice  of  Obstetric  Medicine  and  Surgery: 

In  reference  to  the  Frocess  of  Parturition.  A  new  and  enlarged  edition,  tltoroughly  revisM 
by  the  Author.  With  additions  by  W.  V.  Keating,  M.  D.,  Professor  of  Obstetrics,  etc. 
in  tite  Jefferson  Medical  C^lle^e  of  Philadelphia.  In  one  large  and  handsome  imperial 
octavo  volume  of  640  pages,  with  64  full-page  plates  and  43  woodcuts  in  the  text,  oontain- 
ing  in  all  nearly  200  beautiful  ligMrea.    Strongly  bound  in  leather,  with  tused  bands,  $7, 

WINCKEL,  F. 

A  Complete  Treatise  on  the  Pathology  and  Treatment  of  Childbed, 

For  Students  and  Practitioners.  Translated,  with  the  consent  of  the  Author,  from  the 
eecttnd  German  etlilinn,  by  J.  R.  Chadwick,  M.  D.     Octavo  484  ptiges.     Cloth,  $4.00. 

WEST,  CHARLES,  M.  I).  ~ 

Lectures  on  the  Diseases  of  Women.  Third  American  from  the  third  Loo- 
don  edition.     In  one  octavo  volume  of  543  pages.    Cloth,  $3.75 ;  leather,  $4.75. 

ASHWELL'S  PRACTICAL  TREATISE  ON  THK^I      AND  OTHER  DISEASES  PEOrLIAR  TO  W0» 

DI3BA3B9   PBCl'LIAB   TO    WOMEN.     Third        MEN.    In  one 8vo.  vol.  of  4M  pages.   Clolh.|2J0. 

Amerlaui  ttom   the  third  and  revised  London  l  ME103  ON  THE  NATURE,  SlftN'S  AND  TaSAT- 

edition.    In  one  Sro.  vol.,  pu.  f-df).    Cloth.  ta.SO.    \     'NIV.^'Y  0¥  c:ftW\ift^D  FEVER.    la  one  Sn. 

CBVROBILL  OS    THE    PUERPERAli  FEVER \     ^oVMftaolMaj 
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PAMVIN,  THEOPHILVS,  M,  D.,  LL,  !>., 

th-of.  of  ObtUtria  onri  tKt  lUttntu  <tf  Ifoman  and  Cfiildrtn  m  Jefferton  Itvd.  CblL,  PhiUt. 

The  Science  and  Art  of  Obstetrics.  In  one  handsome  8vo.  volume  of  697 
pages,  with  214  engravings  and  a  coloretl  plule.    Clotli,  $4.85;  leather,  $5.25. 

It  b  a  rlp«  hurest  that  Dr.  Parrin  ofTon  to  his  favorable  for  an  agreeable  unfotdiog  of  the  «ol«De« 
raaders.  There  la  do  book  that  can  be  more  »afety  and  art  of  ob«l«trla(i.  Thi>  aeir  tMok  ia  the  easy 
rMMmmended  to  the  student  or  that  can  be  turned  ouperior  of  any  itlngle  work  among  it*  predeeea- 
to  io  momenta  of  doubt  with  greater  ansurauce  of  sora  for  the  student  or  practitioner  eeelcing  the 
aid,  as  it  jsaliberal  digentof  safe  counaelthaChan  beat  thought  of  the  day  in  this  departnaenl  of 
been  patiently  leathered.— TAe  Ameriean  Journal,  medioine.— rA«  Ameruan  FraetUioner  and  iVaiM, 
^  tin  Midieal  Sttmen,  July,  1887.  i  April  S,  1887. 

There  la  not  in  the  language  a  treatiite  on  the  Thin  treatl«a  maybe  defined  as  exact,  concise 
rabject  wblah   no   complete^   and   intelligently    and  scholarlv.    ParTin'a  distiocuiahed  poaitioa  as 

ftieaDB  the  whole  field  of  obstetrio  literature,  gir-  |  a  teaober.  his  eobolarly  attatnmenta.  and  his 
ng  the  reader  the  winnowed  wheat  In  oonclHe  and  honest  enaearor  to  do  bia  beet  by  both  the  student 
well-Jointed  phrase,  In  language  of  ezceptlooal  and  the  phyifolaa,  will  MOure  for  hia  treatise 
parl^  and  strength.  The  arrangement  of  the  i  iaTorablereeoguitloD. — AmtrieanJfutrfuUof  Obitst' 
matter  of  this  work  is  unique  and  exceedingly  I  rif.  May,  1887. 


BAItNlES,  ROBERT,  M.  D.,  and   FANCOTTRT,  M.  !>., 

Phys.  lo  tht  Otneral  Lyiruj-in  Hwip.,  Lond.  OimUtrie  Phi/§.  to  SU  Thoma*'  Hunp.,  Lumd. 

A  System  of  Obstetric  Medicine  and  Surgery,  Theoretical  and  Clin- 
ical. For  the  Student  ami  the  Practitioner.  The  Section  on  Embryology  oontriljiited  by 
Prof.  Milnea  MarehnH.  In  one  handsome  octavo  vol n me  of  872  pages,  with  231  illiu- 
trationa.    Cloth,  $5;  leather,  |«. 


The  tniinedJale  purpose  of  the  work  Is  to  furnish 
a  handbook  of  obstetric  medicine  and  vurgery 
for  the  use  of  the  student  and  praotitloner.  ic  l* 
not  an  exaggeration  to  msv  of  the  bojk  tnat  it  14 
the  bent  treatise   in   the    English    language    yet 


the  best  obstetrical  oplnlonx  of  the  time  In    a 
readily  accessible  and  condensed  form,  ought  to 
own  a  copy  of  the  book.  — ./ournnJl  of  tht  Atntriean 
Atiyiteal  Aitonalinn,  ,Iuoe  12,  18Xil. 
The  .•Authors  have  made  a  It-tt-book  whioh  Is  In 


finbllahed,  and  this  will  not  be  u  »urpri»e  lo  thove  ,  every  way  quite  worthy  U)  iiike  a  place  beatde  the 
who  are  aequainted  with  the  work  of  the  elder  best  treatises  of  the  period.— xVcw  York  MaJUtU 
Barnes.      Every  practitioner  who  desires  to  have  I  Jvurnat,  July  i,  1887. 


PLATFAIR,  W.  5.,  M.  2>.,  JF,  B.  C.  P., 

Pr<tft»tor  of  Ohntttne  M«lif%nt  in  King'i  CoHtae,  Condon,  tic, 

A  Treatise  on  the  Science  and  Practice  of  Midwifery.  New  (fourth) 
Ameriran,  from  the  fifth  English  edition.  Edited,  with  additions,  hv  Robert  P.  HAR- 
RIS, M.  D.  In  one  handsome  octavo  volume  of  6.54  pages,  with  3  plates  and  201  engrav- 
ings.   Cloth,  $4 ;  leather,  $5 ;  half  Russia,  ^.50. 


students  and  prarttitionerv  alike  have  already 
found  out  the  advnntag«  of  po^e49tng  ftwr.rk  em- 
twdying  all  the  recent  advances  ifi  tlie  science 
and  praoliee  of  midwifery,  it  hns  dps^rvedly  *•«»- 
come  a  !<tandard  trestise  upon  the  subiecL  The 
Author  hsH  endeavored  to  dwell  eHpecially  on  the 
practical  part  of  the  snrijeet,  40  as  to  make  the 
work  a  useful  guide  in  tills  most  anxious  and  re- 


st>on*ible  branch  of  the  profession.  At  the  same 
time,  the  purely  theoretical  portion  has  not  been 
neglected.  Dr.  I'layfair's  treatlne  may  fairly  be 
Nsid  lo  r<<pre>teDt  the  modern  sch^iol  of  teaonlag. 
It  is  a  well-arranged  and  narefullv  digested 
epitome  of  the  science  and  practice  of  midwifery 
which  ha^  greatly  contributed  tothe  advancement 
of  the  study. — Bnltah  Medtcal  J'.mrHal,  Jan.  3, 188S. 


KING,  A,  F.  A,f  M.  JD., 

Prof*ucfr  of  ObtUtries  luid  Duetitet  of  iVonun  m  tht  Mtdical  DtparhnmU  of  tk*  Otlmnintm  Oimmr- 
nty,  Wathxngton,  £).  C,  and  in  tht  Univenity  of  Vermont,  tu. 

A  Manual  of  Obstetrics.     New  (third)  edition.     In  one  very  handsome  I2mo. 
volume  of  376  {mges,  with  102  illustrations.     Cloth,  %2.2a. 


This  tittle  manual,  certainly  the  best  of  lt«  kind, 
(Villy  deservw*  the  popularity  which  has  made  a 
(hlra  •ditlon  necessary.  Clear,  praotical,  concise, 
Ita  tewsbiBga  ara  so  (Ully  abreast  with  recent  ad. 
vancea  In  obirtetric  tcienne  (hat  but  few  points 
out  be  criticised. — Amtriean  Journal  of  Obttetriet, 
Mareh,  1887. 

Thla  rolume  deserves  commendation.    It  is  not 


bulky— it  is  concise.  The  chapters  are  divided  with 

sub-headings,  which  aid' 

of  any  particular  subjMvL  and  the  definition!)  are 


sub-headings,  which  aid  materially  in  the  finding 
of  any  particular  8ubj«<<t,  and  the  definition!)  are 
clearand  explicit.    II  fulfils  its  purpoise  admirably. 


and  we  know  of  no  tx^ttor  work  to  place  in  tht-  stu- 
dent's hands.  The  lllastrations  are  good. — ArcK- 
iiMtsf  QynMology,  January,  1887. 


BARKER,  FORDTCE,  A,  Jf.,  M,  !>.,  iX.  Z>.  Eilhu, 

ClinittU  pTofuaor  of  Sfidwifmy  and  the  DOtetuet  of  Women  in  tht  Bellnruf,  Jlotpilni  Mediral  CoUtgt, 
ytw  York,  Honorary  Fellow  of  tht  Obiltlrieal  Sacittiet  of  London  nnd  Edinburgh,  etc.,  ate. 

Obstetrical  and  Clinloal  Eaaays.    In  one  handsome  12nio.  volume  of  about 
800  pngea.     Preparing. 

FARRY,  JOHN  S.,  M.  D., 

Okstetrirtnn  to  the  Philruitiphin  Ho*p\trU,  Vict-Prtndtnt  of  the  Obtttt.  Society  of  PhiladtlpKin. 
Extra  -  Uterine  Pregnancy:  Its   Clinical    liistory.    Diagnosis,    Prognosis   and 
TrA&tment.     in  one  handsome  (x:lavo  ruliuue  of  272  (tages.    Cloth,  $2.50. 


.TANNER  ON  PREGNANCY.    OcUvo, 4iiO pages,  4  colorad  plates,  16  oDts.    Cloth, K2S. 
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LEI8HMAN,  WILLIAM,  M.  X>., 

SegiUM  Proftuor  of  Muixfifiiry  in  tht  nnivertity  of  Olntgme,  etc 

A  System  of  Midwifery,  Including  the  Diseaaesof  Pregnancy  and  the 
Puerperal  State.  Thin!  Ainfrican  ediiion,  revise<l  hv  the  Aiitlior,  with  ndditions  by 
JoHM  S.  Parry,  M.  D.,  Obstetrician  to  the  Philaiielfihia  Vicwpital,  etc.  In  one  Urge  mwJ 
very  handsome  octavo  volume  of  740  paces,  with  205  illustrations.  Cloth,  ^.60;  leather, 
f  5.50 ;  very  hnudsome  half  Kiissia,  rauea  Imnda,  $6.00. 
The  kuthor  In  broad  In  his  t«iichi>iK(i,  itnd  dlH-  '  mtii<tf>rOT*«dinir»bly  »dapt#d  CnniflPto  In  all  Ita 
'   • "    ■•  -■■         ■   ■    ATtn.eueiitlklljr  modrm  iiH-'  ■---'---.r<, And  with 

emonatratlons  noted  for  cl'  precfilon, 

it  will  gain  in  favor  ami  br-  :  iu>  a  work 

of  standard   merit.    Tbe  wi.r>.   t  iniii..i  fail  to  b« 

Sopalar  and  In  cordially  recomroend«d.— /f.  0. 
ltd.  and  Surg.  Jnum.,  Mar(^h.  1880. 
It  h»H  been  well  anct  oareflilljr  written.  The 
TiewA  of  tlie  author  are  broad  and  tlberaJ,  and  Ifi- 
dicate  a  well-bataneed  Judgment  and  matured 
mind.  We  oheerre  no  Hplril  of  doginail^tn,  bnl 
the  eameat  teaching  of  the  thougblf^il  obaerver 
aud  lover  of  tnie  eclenre.  Take  the  rolume  as  a 
whole,  and  it  ba*  few  equal*.— Jfnrvland  Mtdital 
Joumnl,  Feb.  I88a 


cuaaen  briefly  the  comparatire  anatomy  of  the  pel 
Tie  and  the  mobility  of  the  pelvic  articiilalioDn. 
The  second  chapter  is  deToted  efpe'clally  to 
the  study  of  the  pelvlii,  while  in  the  third  the 
female  oritanii  of  generation  are  Introduced. 
The  atrocture  and  development  of  the  ovum  are 
admirably  described.  Then  follow  chapters  upnn 
the  various  subjects  embraced  In  the  ftiuty  of  mid- 
wifery. The  descriptlonN  throughout  the  work  are 
filain  atid  pleaxlng.  It  is  suRioient  to  Mnte  thftt  In 
bis,  the  lant  edition  of  thlo  well-It nown  worlc, every 
recent  advancement  in  thi.f  field  has  been  brought 
forward. — Phynnan  and  Surgeon,  Jan.  188t>. 
To  the  AniuricAn   student  the  work  before  na 

LANDISf  HENRYI^.,  A.  M.f  M.  !>., 

F^ufaaor  of  Ohatetric*  and  the  Dxseaset  of  irom*n  in  Starling  MtfUml  Colltgt,  Cblutnbtu,  O. 

The  Management  of  Labor,  and  of  the  Lying-in  Period.  In  one 
handitonie  12mo.  volume  of  334  paKe«,  with  28  illustrations.     Cloth,  f  1.76. 

The  author  Iir."  dcyigned  to  place  in  the  handw  tempt  any  one  who  >«hoiild  happen  to  commence 
of  the  young  practitioner  n  ixvok  in  which  he  can  the  book  to  read  it  through.  The  author  pre- 
flnd  necessary  information  In  an  instant.  Aa  far  '  supposeM  a  theoretical  knowledge  nf  obvtetrica, 
a«  we  can  see,  iiuthiiig  is  omitted.  The  advice  !■■  and  ban  con<<islently  cirliided  from  ihiit  little 
sound,  and  the  prnccedure*  are  safe  and  practical,  work  everything  thai  l.»  not  of  practical  ute  tn  the 
Cinfra/6/n/r  Arir  Ov"'"^''<'i7te,  December  4,  1HWI.  '  lying-in  rrM)m.     We  think  that  if  It- («  as  widely 

This  is  a  book   we  can   heartily  recommend,    read  ati  It  deserves,  it  will  do  much  tc  Impr9«« 
the  author  goes  much  more  practically  into  the    obstetric  practice  in  general.— iVew  OrUatu  JV#Aif 
deuils  of  tiie  manaKeinent  of  ialior  than  moot    raZ  and  Atri^AiI  Jott^ni^  Mar.  188IS. 
text-bookj.,  and  Is  so  rea<lable  throughout  a«  to  | 

SMITH,  J.  LEWIS,  M.JD^, 

Clinieal  Proftttur  of  DuteuM  of  Children  in  lh»  Betltvm  Bo^Hnl  iftditnl  Vollrgt,  y.  T. 

A  Treatise  on  the  Diseases  of  Infancy  and  Childhood.  New  {slxibl 
edition,  thoroughly  revisetl  nod  rewritten.  In  one  IiAndaoiue  txrtavo  volujue  of  8U7 
pa^es,  with  -10  illuKtrations.     Cloth,  $4.60 ;  leather,  $6.50  ;  half  Russia,  $6.00. 

For  years  it  im'>  otood  high  In  the  confidence  of  :  vrill  readily  recngniiie  the  painstaking  wllh  which 
the  profewploii,  and  with  the  additions  and  alter-  this  revision  has  bef  n  made.  Many  of  the  artlc'M 
ations  oow  made  It  may  t>e  said  to  be  the  be»t  .  liavc  liefu  entirely  rewritten.  The  whole  work  i» 
book  in  the  Inngungc  I'n  the  subject  of  which  it  enrtchf d  with  a  researrh  and  reasoning  »h(<ti 
treats.  An  ciaminalion  of  the  text  fully  sus-  |  plainly  show  that  (lie  author  has  spared  netther 
tains  the  claims  made   In   tlie  preface,  that  "In    time  nor  labor  In  bringing  it  to  its  pr«aent  ap- 

fTeparltigthe  sixth  edition  the  sulhor  bac  revised  |  proach  towards  |>erfeciion.  The  exlende<l  table «f 
he  text  10  such  an  extent  that  a  considerable  '  coi>teDt«  and  the  well-|.re|>Hrr<l  Index  will  i-nable 
part  of  the  book  may  be  considered  new."  If  the  the  bufy  prai'tUloner  to  rewh  rfaillly  and  auickly 
young  practitioner  proposes  to  plai'e  in  his  library  ,  for  reference  the  various  siilijects  treated  of  la  the 
but  one  book  on  the  dlxeasoa  of  chlTdren,  we  i  body  of  the  woik,  and  even  those  who  are  familiar 
would  unhesitating'y  say.  let  that  book  be  the  one  ;  with  former  editions  will  find  the  improTements 
which  Is  the  subject  of  this  notice.— 7^f  Amvrvan    in  the  present  richly  worth  thi'  cost  of  the  work 

]lUmln  Hied 

Dr.  Smith 


>subj_    .    . ^      . 

Journal  of  ihr  Metlifol  Srifirfii,  April,  l«86.  i  AlUtnla  Ulrdienl  and  Suigicnl  Jourtinl.  D«*c.  1M*;. 


No  better  work  on  children's  diseases  rould  be 

r 'laced  in  the  hands  of  the  stuilt'nl,  containing,  as 
t  does,  ft  very  cnm].lele  account  of  tiie  symptoms 
and  pathology  of  ihe  liiseafes  of  early  life,  and 
possessing  Ihe  further  iwlvantage,  in  which  It 
stands  alone  among.-t  other  works  on  Its  subject, 
of  recommending  treatment  In  accordance  wllh 
the  moBt  recent  I  nerat>euiical  viewa.— Br(<l«A  md 
fhreign  Mtdtto-ChtrHrgitnl  Rnint. 
Those  Auntllar  wilb  former  edition*  of  the  work 


work  ha."  justly  liecome  the -taodard 
all  over  the  world  as  iht  ivrnk  on  ilu'  ' 


•  Irrii  -i   dl- 


eaaes  The  whole  book  is  arlmln 
prkctitloner  and  the  stu'l'-iit. 
from  a  large  experience  nnd  a  ■ 
of  cases  at  the  bedside.  Hc<  Is  > 
tical,  and  these  facte  make  the  < 
the  l>est  of  all  worki  on  the  Alf. 
—  Virginia  iltdttal  Mmithl^.  June,  ta^li. 


OWEK,  EDMUKD,  M,  B,,  F.  R,  C  S., 

Surgeon  lo  tht  L'hUdrni'i  Hvipilnl,  Qrcat  Ortnona  St.,  Lunftun. 

Surgical  Diseases  of  Children.    In  one  12mo.  volume  of  525  pages, 
cbromo-lilhographic  plates  and  85  woodcut«.     Chnh,  $2.    i\e«  Santa  of  ViinuMi  M<mitaitt\ 

«ge4. 

One  1»  Immediately  struck  on  reading  this  book     hoeeslly    recommended    lo   l>olh    atnd«ot«  and 
wllh  lU  agreeaMo  style  and  the  evidence  it  every- 1  prmctitiouera.      11  Is  ftall  of  Bound  lijffWBWUr 
where  presents  of  the  practical   familiarity  of  its    pleasantly  gi?en.— .inonb  o/JA<rgary,  nug,  VU^ 
author  with    his   subject.      The   book    may   be  | 

WEST,  CHARLES,  M.I>., 

Ph^tician  to  tht  /foBjntaJ  for  SifK  Childrtn,  London,  etc. 

On  iSome  Disorders  of  the  Nervous  System  in  Childhood. 
12mo.  volume  of  127  pages,     (loth,  $1.00. 

WESrS  LECTURES  ON  THK  DISEA.'^Ea  OF  J>"-   I    D18EA8RS  nF  CHILDRF.N.    «ililh  edltlna.  i 
FANCY  AND  (HlLDHOliD.    In  one  octavo  vol.       vliwid  and  anjtmented.    In  one  ot-iavo  voium- > 
COyVIK'S    PRACTICAL   TREATISE   ON    THK    |   TTHpagea    (Jloth.  IS.aS ;  leather.  »<».*&. 
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lT2>r,  CHAHLES  MEYMOTT,  M.  B„  F.  C.  8., 

ProfMtor  of  ChtmUtry  and  of  Forttme  MmKem*  and  Public  H*altk  at  th»  London  SotpUat,  tte. 
IiOgal  Medicine.    Voluicb  II.     Legitima<7  and  _Paternit]r^  Pregnancy,  Abor- 


tion,  Rape,  Indecent  Exposure,  Sodom;,  Bestiality,  Live  Birth,  Inianticiae^  A^hrxia, 
Drowning,  Hanging,  Strangulation,  Sunocation.  Making  a  very  handsome  unperiiu  oc- 
tavo volume  of  529  pages.    Cloth,  |6.00;  leather,  |7.00. 

VoLUMB  I.    Containing  664    imperial  octavo  pages,  with  two  beautiiiil  colored 
plates,    aoth,  $6.00;  leather,  (7.00. 


Th«  aatis&Kitlon  ezpresaed  with  the  flr«t  portioii 
of  this  work  is  in  no  wise  leasened  by  a  peninl  of 
the  Moond  rolame.  We  find  it  obaraotariaed  by 
th«  Hune  (talneM  of  detail  and  eleameie  of  ez- 
praealon  which  we  had  occasion  so  highly  to  com- 
mend  in  our  former  notice,  and  which  render  it  so 
valnable  to   the  medical  Jurist.     The  copious 


tables  of  cases  appended  to  each  dlrlslon  of  the 
sabjeet  mnst  have  cost  the  author  a  prodlgioiu 
amount  of  labor  and  research,  but  Uiev  oonsutat* 
one  of  the  most  valnable  features  of  tiie  book, 
especially  for  leferenoe  in  medico-legal  trlala.— 
Ameriean  Journal  o/  (A«  JMietUaWsMM,  April,  UM. 


TATLOB,  ALFBEJ>  8.,  M.  2>., 

Xsefursr  on  MMeal  Juritpnidme*  and  ChtmiMiry  m  Ovy'i  Bo$pital,  London. 
A  Manual  of  Medioal  Jurisprudenoe.  Eighth  American  from  the  tenth  Lon- 
don edition,  thoroughly  revised  and  rewritten.  Edited  oy  John  J.  Bkbbb,  M.  D.,  Professor 
of  Medical  Jurisprudence  and  Toxicology  in  the  University  of  Pennsylvania.  In  one 
large  octavo  volume  of  937  pages,  with  70  illustrations.  Cloth,  $5.00 ;  leather,  $6.00;  half 
Bossia,  raised  bands,  $6.50. 

The  American  edltiniiR  of  this  ataniljirdl  Riannal 
have  for  a  long  tjtn»  laid  claitu  ta  the  dtieatlun  of 
the  profession  in  Ut'in-  conniry;  And  ch«i  «JKhth 
comes  before  uh  a»  emboilyiui;  ihe  intei!!  Ihouvlits 
and  emendatiouH  nl  Dr.  Taylor  upqu  th«  fiubjcct 
to  which  he  deT0U)4  hiji  llfawlth  ^rk  Amsldulty  aoiJ 
saoeess  which  msde  him  tanli  prinrept  unone 
English  writers  oa  meidicftl  Jiir!>*pruileDc-e.  Both 
Uie  author  and  th«  ixnili  hA?e  mn'iv-  a  inArk  tco 
deep  to  be  affected  by  criticism,  whether  it  b*' 
censure  or  praise.  In  this  case,  however,  we  should 


only  hare  to  seek  for  laudatory  terms.— ^a 
Journal  of  th«  Medical  SeUncM,  Jan.  188L 

This  celebrated  work  has  been  the  standard  aa* 
thorlty  in  its  department  for  thlrty-scTen  yean, 
both  in  England  and  America,  in  both  the  profbs* 
sions  which  it  concerns,  and  it  Is  Improbable  that 


it  will  be  superseded  in  many  rears.  The  work  Is 
simply  indispensable  to  erery  physician,  and  nearljr 
so  to  every  liberally-educated  lawyer,  and  we 
heartily  commend  the  present  edition  to  both  pro. 
fessions.— jltdony  Lata  Journal,  March  96,  U8L 


By  the  Same  Author. 

The  Principles  and  Practice  of  Medical  Jurisprudence.  Third  edidon. 
In  two  handsome  octavo  volumes,  containing  1416  pages,  with  188  illustrations.  Cloth,  $10 ; 
leather,  $12. 


For  years  Dr.  Taylor  was  the  highest  authority 
in  England  upon  the  subject  to  which  he  gare 
eapecial  attention.  His  experience  was  rasL  bis 
Jaagment  excellent,  and  his  skill  beyond  caTil.  It 
is  therefore  well  that  the  work  of  one  who,  as  Dr. 
Stevenson  says,  had  an  "enormous  grasp  of  all 


matters  connected  with  the  subject,"  should  be 
brought  up  to  the  present  day  and  continued  in 
its  authoritative  position.  To  accomplish  this  le- 
suit  Dr.  Stevenson  has  subjected  it  to  moateaieftil 
editing,  bringing  it  well  up  to  the  times.— ilMsri. 
can  Journal  of  the  Mmiieal  Seteneti,  Jan.  I68i. 


By  the  Same  Author. 

Poisons  in  Belation  to  Medical  Jurisprudence  and  Medicine.  Third 
American,  £rom  the  third  and  revised  English  edition.  In  one  large  octavo  volume  ct  788 
pages.    Cloth,  $5.50;  leather,  $6.50. 

FEPPEB,  AUGU8TU8  J„  M.  8,,  M,  B,,  F.  JJ.  C.  «., 

Sxamlmtfr  in  Fortntie  MedieuM  at  the  Unaeraity  of  London. 
Forensic  Medicine.    In  one  pocket-siie  12mo.  volume.    Preparing.   SeeStvdenIt? 
SerUa  of  ManuaU,  page  4- 

LEAfHENBTC, 

Superstition  and  Force :  Essays  on  The  Wager  of  Law.  The  Wager  of 
Battle,  The  Ordeal  and  Torture.  Third  revised  and  enlarged  edition.  In  one 
hauodsome  royal  12mo.  volume  of  552  pages.    Cloth,  $2.50. 

This  valuable  work  is  in  reality  a  history  of  civ- 
ilisation as  interpreted  by  the  progress  of  Jurispru- 
dence. .  .  In  "Superstition  and  Force"  we  have  a 
pblloeophlc  survey  of  the  long  period  intervening 
Mtween  primitive  barbarity  and  civilised  enlight- 
enment.   There  Is  not  a  chapter  in  the  work  that 


should  not  be  most  careftally  studied :  and  however 
well  versed  the  reader  may  be  in  the  science  of 
Jurisprudence,  he  will  find  much  in  Mr.  Lea's  vol- 
ume of  which  he  was  previously  IgnoranL  The 
book  is  a  valuable  additfon  to  the  literature  of  so- 
cial science.—  Wtitmmtt«r  Beoiew,  Jan.  ISSOi 


By  the  Same  Author. 
Studies  in  Church  History.    The  Bise  of  the  Temporal  Pow&i 


eflt  of  Clergy— Excommunication, 
octavo  volume  of  605  pages.    Cloth,  $2.50. 

Theauthor  is  pre-eminently  a  scholar.  He  takes 
up  every  topic  allied  with  the  leading  theme,  and 
traoea  it  out  to  the  minutest  detail  with  a  wealth 
of  knowledge  and  impartiality  of  treatment  that 
compel  admiration.  The  amount  ol  Information  , 
compressed  into  the  book  is  extraordinary.  In  no  |  TVavelUr,  May  3, 1883. 
other  single  volume  Is  the  development  of  the 


-Ben- 


New  edition.    In  one  very  handsome  royal 


primitive  church  traced  with  so  much  clearness, 
and  with  so  definite  a  perception  of  complex  or 
con  dieting  sources.  The  fifty  pages  on  the  growth 
of  the  papacy,  for  instance,  are  admirable  (or  con- 
ciseness and   ftaedom   fVom    prejudice. — BotUm 
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